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NOT=lG

When Government drawings, specifications, or other data are used
for any purpose other than in connection with a definitely related Govern-
ment procurement operatioc. the United 8tates Government thereby in-
cursnoresponsibility nor any obligation whatsoever; and the fact that
the Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data, is not to be regarded
by implication or otherwise as in any manner licensing the holder or
any other person or corporationor conveying any rights or permission
to manufacture, use, or sell any patented invention that may in anyway
be related thereto.

The information furnished herewith is made available for study
uponthe understandin that the Government's proprietary interests in
and relating thereto shall not be impaired. It is desired that the 7udge
Advocate (WC1), Wr4it Air Development Center, Wright-Patterson
Air Force Base, Ohio, be promptly notified of any apparent conflict be-
tween the Government's proprietary Interests and those of others.
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FOPRWORD

This report was prepared to record results of a
research and development project identified by Research
and Development Order R-lOS-90, "Airborne Electronic
Altimeter for M[apping." The project was under the direc-
tion of the Altimeter Section, Aircraft Radiation Labo-
ratory, WADC, with Captain J. Paul Georgi acting as
project scientist. Following the transfer of Captain
Georgi to another section of the laboratory, 11r. Albert
Goldman, Chief, Altimeter Section, completed the prepara-
tion of the report.

Acknowleugement is made to Messrs. S. Tomberg, S.A.
Segen, J.K. Limoli, and O.M. Minnich of 6'ADC, and to Mr.
R.T. 4ahl, Jr., formerly of WADC, for their valuable
assistance.
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AB STRAC T

Sixteen Altimeters AN/APN-57, manufactured by the
""LCA Victor Division, Camden, N.J., were tested by the
Aircraft Radiation Laboratory, Directorate of Labora-
tories, WADC, and by other agencies. Results of type
tests, accuracy tests, ground tests, and antenna pat-
tern measurements are presented. The equipment meets
all of the exhibit requirements, provided a calibra-
tion error is compensated for during either zero adjust-
ment or data reduction. it is concluded that future
devices of this type should include a stabilized antenna
system. A higher carrier frequency would permit attain-
ing the same or narrower antenna beamwidth with a smaller
antenna. Photographic recording of data is not entirely
satisfactory, and other methods are suggested.

PUBLICATION PEVIEW

This report has been reviewed and is approved.

FJiR THE COUL.IADING GD-I.IRAL:

f t LAREI H.LE1
~o 1on el1 bSAF

Chief, Aircraft Radiation Laboratory
Directorate of Laboratories
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LfTRODU C Ti ONI

The presaraLlion of accurate charts and maps from aerial
2hotographs s iS 21h, os.ible without reliable vertical control
(a method rherebyr -round elevation with resoect to sea level
is obtained) in caier to establish the contours of the ter-
rain. L.any photographic mapping and charting operations will
be conducted over enemy territory where no such control data
are available. The ,rmy Air Forces airectorate of Chotorayhy,
tiherefore, proposed on L4 aove'ber 1'12 that vertical control
be obtaiMed from an aircraft in flighit by means of a radio
altimeter < roviding height of the aircraft above the terrain)
and a barometric altimeter (providinS height of the aircraft
aoove sea level). Action was taken on this proposal using
iuadio Set 3C~i-7iE5-() to obtain vertical control, but because
of certain inadecuacies of the S3C'-1 ), particularly the
wide antenna beam, it -as concluded that this method was not
accurate enough for use over mountainous terrain. it vas,

therefore, recommended (see Air Technical Service uomiand,
Enngineering Jivision, hemorandum iaport ao. 26E.-I•I-,•-
Subject: Vertical Control-iadio Altirieter, dated 7 September
1915), that a project be opened to study and develop a system
of vertical control that would be suitable for both flat and
mountainous terrain.

A conference (see Appendix a) Tas held at tihe hadar Labo-
ratory, AlO, 3 Januar;y 1946 and the requirements c` an ecrump-
ment suitable to furnish adecuate vertical control wiere dis-
cussed.

On 2 hay 1946, Techn ical instructions 22041, -ddenduii• I
(see Appendix Ii) was prepare.d at and from. , this, a "roject
was established which was idenatfied by aesearch and -Develop-
ment Expenditure Order 101-99, "Vertical Control Altimeter
Ai./APN-57," and which was later changed to idesearch and Devel-
opment Order •-lOC-90, t"Airborne Electronic Altimeter for

Mapping." A letter contract i-as awarded on 6 June 1946 to the
,CA Victor division, Camden, N.J., for the design and construc-

tion of 16 models of the vertical control altimeter. Contract
ho. 633-O3Lac-15029 was signed on 5 .*lay !947. The first
Altimeter Ai/.AI-57 was delivered by LtCA on 9 July 1947.
Delivery of all of the contract items was completed on 14
December 1949.
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SECTION I - PU1POSE

The evaluation of Altimeter AN/APN-57 described in this report was

conducted in order to determine whether the equipment met the requirements

of the applicable exhibit and subsidiary specifications.

SECTION II - METHOD OF ATTACK

The evaluation of Altimeter AIT/APN-57 was conducted in accordance *Jith
established procedures of the Aircraft Radiation Laboratory. The task was
broken down into several sections, described in detail in Section III of this
report, as follows:

Type Tests
Flight Tests.
Accuracy Tests
Antenna Pattern Measurements
Life Test

SECTION III - FACTUAL DATA AND 10SULTS

A. General Descript ion

Altimeter AN/APRT-57, shown in Figure 1, is an airborne equipment
designed to indicate the absolute altitude (terrain clearance) of an aircraft.
The equipment operates at altitudes between 10,000 and 35,000 feet. Altitude
is registered on a servo-operated three-pointer dial which is calibrated from
0 to 100,000 feet. A cathode-ray tube indicator shows the instantaneous
error up to +500 feet in the servo-indicated altitude.

On the error scope the received pulse is displayed as an outwardly
directed pulse on a circular trace, while a marker pulse nominally at zero is
directed inwardly. The equipment consists of an antenna assembly (Figure 2)
and associated trim control box, a transmitter-receiver unit (Figure 3), and
an indicator unit (Figure 4). The over-all weight of the complete equipment
less cables is 160.4 poundP. hie carrier frequency is in the range of 9345
to qh4n. megacycles.

The transmitter-receiver is a modified PT-69/APS-l0. Output is a
pulse of about 0.25-microsecond. lEngth and --kw peak power. The 60-inch.
diameter paraTbolic antenna reflector provides a beam width of about 1.60 at
the half-power points. Power requirements are 580 watts at 115 volts, 3 g0-420
cycles, and 32.5 watts at 26.5 volts DO.

VWADC TR 52-193 1



Fig. 1. Composite View of Altimeter AN/APN-57
1. Transmitter-receiver RT-125/APN-57 on mounting MT-292/APS-IO
2. Control box C-226/APS-lO
3. Antenna assembly AS-368/APN-57
4. Indicator ID-222/APN-57 on mounting MT-613/APN-57

Fig. 2. Antenna assembly AS-368/APN-57 (Front view)

WADC TR 52-193 2



Fig. 3. Transmitter-Receiver RT-125/APN-57 on Mount-
ing MT-292/APS-1O (Front View)

Fig. 4. Indicator ID-222/APN-57 on Mounting MT-
613/APN-57

WADC TR 52-193 3



LIST 07 MAJOR COMPONOTS
Name of Unit Type Designation Weight (lbs Size

Antenna Assembly AS-365/AYIT-57 31.0 21 17/32 in. 62 7/16 in.
I_ diameter

Transiaitter-Receiver P2-125/AM-57 43.5 19 in. x 12 in. diameter
Unit

Indicator Unit ID-222/APNI-57 76.0 10 7/9 in. X 15 1/2 in. x
____ ____ ____ _ _23 ,in.

M.ountinx' (R-T) MT- 292/ lS-10 6. 23__ _ ___in._ __ _

IZ-ountTi, (d. MT-1Z ZAP1-5 2.3 _,_
Trim Control Box C-226/APS-10 1.1 ' 4 in. x 3 1/8 in. x

5 13/16 in.

B. T[qŽe Tests:

Type tests were conducted on Serial No. 1 in April and iay 1949 and
on Serial No. 2 in August and September 19148 by the ROA Victor Division,
Camden, 'I. J., and witnessed by WADO observers.The type tatacluded the following
specific tests (paragraph numbers refer to Specification 71-954.a):

1. Spot temperatures (Par. D-im)

2. Temperature range -550C to +710O (Par. D-2a(l))
Measurements were made on goniometer linearity, transmitter
output, receiver sensitivity, oscillator freqcency, and
tracking of the 3kc gate and the 98 kc trigger pulse.

3. Humidity (Par. D-2a(2))

4. Altitude (35,000 feet)

5- High temperature, nonoperating, +950C (Par. D-2b(1))

6. Humidity, nonoperating (Par. D2b(2))

7. Altitude, nonoperating, 40,000 feet (Par. D-2b(3))

8. Vibration (Par. D-3b)

9. Input voltage and frequency variation, 90 to 135 volts, 300 to
1000 cps (Par. D-4b(l), (2), and (3))

WADC TR 52-193 h



In general, the equipments met the type test requirements
satisfactorily. A summary of the results follows:

1. Maximum spot tem)eratures for eight hot spots were measured

and did not exceed the ratings in the five instances for which

ratings were available.

2. Goniometer linearity, transmitter power output, timing oscillator
frequency, and gate tracking were not aplk ciably affected by
temperature changes. Receiver sensitivity decreased, but not

excessively at low temperature.

3. Goniometer linearity was degraded following the humidity test,
but returned practically to normal 24 hours later. Transmitter

output was not affected by the humidity test. Receiver sensitivity
was degraded severely by humidity and did not recover (in set jl)
within 24 hours. The focus of the oscilloscope of one indicator
was affected, but recovered 15 minute; after the test.

4. The eqcuipment operated satisfactorily for 15 minutes at a pressure
equivalent to an altitude of 40,000 feet.

5. The equipment operated satisfactorily following the high
temperature (nonoperating) test.

6. The equipment operated satisfactorily during the vibration-
test except for the failure of one tube while the direction
of vibration table movement was being changed from horizontal
to vertical.

7. The indicator operated satisfactorily with input power source
variations from 90 to 135 volts and 300 to 1000 cps, but the
transmitter-receiver AFO would function only between 110 and 120
volts. Detailed type test procedures and results will be found
in Ap)endix IV of this report.

0. Flight Tests:

Installation:

Upon receipt of the first Antenna Assembly AS-368/APNf-57, 2 May 1947,
plans for installation of Altimeter AIT/AP1-57 in Photographic Laboratory
aircraft (type B-29, number 43-65223) were made. Because of the size of the
antenna the only location available for it was in the rear bomb bay (see
Figure 5). Transmitter-Receiver PT-125/AFN-57 was installed in the rear
bomb bay on a platformshove the antenna mount (see Figure 6) so that the

Swaveguide transmission line would be as short as possible. Indicator
ID-222/APN-57 was installed on a table in the rear pressurized section just
forward of the left scannerls position (see Figure 7).

WADC TR 52-193 5



Fig. 5. Antenna Installation

1. Antenna assembly AS-368/APN-57

Fig. 6. Transmitter-Receiver Installation

1. Transmitter-receiver RTI-125/APN-57

WADO TR 52-193 6



Fig. 7. Indicator Installation

1. Indicator ID-222/APN-57

Local Flight Test:

This flight was conducted in B-29, Ilo. 43-65223, on 11 July 1947
and was considered a performance demonstration of the altimeter by the manufac-
turer. The terrain flown over in this flight was rather flat, with a few
hills of less than 300 feet in height; during normal flight, banking, and
climbing, the following observations were made;

a. Performance of the Afl/APIT-57 was adequate down to 9,000 feet;
the exhibit reciuires operation between the altitudes of 10,000 and 35,000 feet.

b. The 3-pointer meter in the indicator was fairly steady and
easily read, but the error indicator was difficult to read at times. The error
indications were much steadier over water (Lake Erie).

c. Over water at times the reflected signal momentarily became so
strong that the AGO reduced the amplitude of the indicated pulse about one-
third of normal. This is exiilained by the fact that the AGO of the AN/API-57
had been adjusted for the flight tests conducted in the manufacturer's own
airplane (AT-11) which had a small iS-inch parabolic reflector instead of the
high gain 60-inch reflector used in the B-29.

d. Over water, during banks, the signal pulse disappeared and
the hand on the 3-pointer meter tended to return to zero. Over land,
sufficient radiation was returned by scattering so that banking the airplane
did not have such an effect, althouh a slight increase in the indicated
altitude was noted.

WADC TR 52-)93 7



(In a previous flight in the manufacturerls AT-lI with the
iS-inch antenna the ANT/A[P2-57 did not work nearly so well as in the B-29. The
former flight had been conducted over hilly land, which may have been one
reason for the poorer performance of the AN/APIT-57.)

It was concluded from this flight that: (1) the error indicator
might be difficult to read and photograph, (2) performance over hilly terrain
needed further investigation, and (3) there was a possibility that if the
airplane were not level a slant rawne error might be introduced.

Colorado Flight Test (August.19147):

This was another performance test of the AN/AP1N-57 conducted in B-29
ro. 43-65223, over high mountains (12,000 to 15,000 feet), sandy soil, and
water. The course flown was west fron Lowry AFB, Denver, Colorado, over the
mountains toward Nt. Powell, (13,5143 feet) at an altitude of 20,000 feet. The
heading was then changed to south at 25,000 feet from Mt. Powell to Mt. Elbert
(14,431 feet). The flight was then continued south at 30,000 feet over
Twin Lakes. This terrain included a large sandy plateau. The following
observations were made:

a. Performance of the A!;/APf-57 was good, except that once for
about 15 seconds the error scope disiplayed two distinct pulses, one indicating
a positive, and the other a negative correctioin, paking it impossible to
determine which to use as the correction. The terrain at this time was
mountainous and the ground coverage by the antenna beam more than lOcres;
multiple reflections are coimmon under such conditions, but the servo system
is usually able to lock on the earliest and strongest signal.

b. The equipment performed satisfactorily with a terrain clearance
of only 6000 feet, exceeding the exhibit requirement (10,000 feet) by a good
margin.

Photographs were made of the indicators in operation, but because of
inp)rovised nature of the camera setup, the results were unsatisfactory. After
this flight test program on the first model of ANT/APIT-57, the equipment was
returned to the contractor for reworký.and for use as a guide in fabrication of
the remaining models.

D. Accuracy Tests:

Phoenix, Arizona (February 1949):

The first reworked equipment was delivered in June 1949. A flight was
made over a ground-control area near Phoenix, with photographs made simul-
taneously of the ground, using type T-5 and T-9 aerial cameras, and of the
AIX/AN-57 indicator readings. The film records were turned over to the Mapping,
Charting, and Reconnaissance Research Laborato•j, Ohio State University Research
Foundation, Columbus, Ohio, for analysis and computation on a photogrammetric
basis. The AN/APN-57 average error was found to be +50 feet in 20,000 feet,
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exceeding the specified limit (*0.2% of the indicated altitude.) The contractor

was therefore asked to eliminate this error. The complete report of these

tests is included in Ohio State University Research Foundation Technical

Paper 55, 30 April 1949, "Repcit of Phoenix 14ission Accuracy Tests Made on Radio

Altimeter AIT/APZ-57 U.

Ground Tests (First Series, July and AugLast 1949):

Since it was the opinion of the ROA engineers that the gO-foot error was
not entirely due to the altimeter and that the greater portion of the error
arose in the photographic scaling and interpretation, a ground test was
arranged. A surveyed range of 10,500 feet with stakes at 125-foot intervals
was laid out at Area C, WPAFB. A corner reflector, mounted on a platform
(see Figure S) 30 feet high and 2000 feet from the nearest large object, was
used as the target. Altimeter XIT/AFIT-57 was installed in a panel truck with
the antenna directed out from the rear end of the truck (see Figure 9). The
truck was then positioned so that the focal point of the antenna was directly
above one of the stakes. Readings of range were taken at 125-foot intervals
with various combinations of each of 15 equipments at ranges between 5000 and
10,000 feet. In 16 valid runs the average error was +42.6 feet. Complete
data are given in Appendix V.

Each indicator had either a partial or a major failure before completion
of the test. For this reason, and since the mean error of all the equipments
fell outside the exhibit limits, the equipments were all retarned to the
contractor for repair and study of the cause of the error.

Ground Tests (Second Series, October 1949):

Upon completion of the debagging process by the contractor the equipments
were returned to WPAFB. The second series of ground tests was conducted with
the assistance of the contractor's project engineer, Mr. Keith Law. Based on
the results of the first series of ground tests a compensating "erroru of
-40 feet was inserted during calibration. The mean error of 63 readings (see
Appendix VI) was now only -2 feet. It was decided that the equipment would be
accepted if it were proved that the same fixed error existed during flight

tests as that which was present during the ground tests, It would then be
possible to cancel this error by proper zero adjustment.

Edwards AFB Accuracy Tests (March 1950):

The altimeter accuracy tests were made on the precision bombing range,
Edwards AFB, Muroc, California, which has facilities for deterrmining from the
"ground the absolute altitude of an aircraft in flight (with a claimed accuracy

of +5 feet at 25,000 feet). These facilities were operated by the Aberdeen
Bombing Mission of the Army Ordnance Department.

WADC TR 52-193 9
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Fig. 9..Antenna Mounted on Truck
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Fig. 10. Indicator and Photo Recorder Installation

1. Indicator ID-222/APN-57

2. Photo recording box

WADC TR 52-193 1
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The test procedure was as follows: The altimeters and associatea camera
equipment were mounted in the waist of a B-29 (see Figure 10); the A5/APPN-57
transmitter-receiver and antenna were mounted in the rear bomb bay. The plane
was flown at about 25,000 feet altitude on a course midway between two ground
camera positions. Synchronizing signals from a ground control position were
sent by radio to the aircraft; these signals triggered a high intensity flash
mounted on the underside of the plane, and operated cameras located in front
of • AN/APN-57 indicator atid bank and turn indicator. Thus at the instant
the shutters of the ground cameras were opened, the light on the plane flashed
and the cameras in the plane recorded the readings of all instruments involved
in the test. The flash from the plane produced a well-defined dot on the
plates of the two ground or Nballistic" cameras. This information enabled the
Ordnance personnel to determine the position of the aircraft in space with
reference to the cameras. Later, an accurate survey of the point directly
beneath the aircraft on the bombing range allowed the absolute height of the
aircraft to be determined. The synchronizing signals were coded in such a way
that the altimeter readings could be properly compared with the absolute height
of the aircraft as measured from the ground. Tests were made over the bombing
range during the week of 20-24 March 1950 (see Appendix VII for the test
-irogram and detailed results). Successive passes with the aircraft in straight
and level flight and in various degrees of bank and climb were made. See
Figure 11 for a sample frame of the recorded data.

Two local flights were also made during this week, and the behavior of the
altimeter was observed over various types of terrain. On at least one occasion,
while the aircraft was over heavy clouds, the AI/APN-57 indicator went to its

maximum limit, then soon returned to normal operation. At the same time, Radio
Set SCR-719-0 and Radar Set Aa1/AP(-l3 became unreadable. It is likely that the
combination of zo ugh terrain and heavy clouds greatly attenuated and dispersed
both the transmitted and reflected signals. At all other times the AN/APIT-57
operated normally in flight.

Accuracy tests were continuadthe week beginning 27 March, with the aircraft
at an altitude of about 16,000 feet. Passes over another type of ground camera
known as the Askania wem included; the Askania is somewhat more flexible to use
than the ballistic tyie, but the accuracy of measurement is not so good. A
total of four different AN/APN-57 indicator units(No. 5, 7, 14, and 15) were

used. Altitude readings were taken as the aircraft went through various
banking angles up to a maximum of 330. The altimeter operated during even the

most severe bank, but the dial readi ng increased some hundreds of feet for

small banking angles (below 100) and some thousands of feet at the maximum angle.

The foregoing tests were all run with the altimeter calibrated in the usual

fashion, without attempting to correct for the 'calibration error,N which had

been found to be approximately 40 feet in the ground tests. The average error

of 83 readings over the desert near the dry lake, corrected for tilt (bank and

climb) but excluding all runs for which tilt angles were greater than 30, was

419. feet, corresponding closely to the ground test error of 42.6 feet. Also
excluded were two runs during which the antenna feed was displaced 60 from its

WADC TR 52-193 13



center position, and the last two runs, which were over the dry lake. During
the last two runs Askania cameras were used, because the flight lath was out
of range of the ballistic cameras; the errors of Altimeter AN/APN-57, Radar Set
AN/APN-42(XA-2), and Radio Set SC-718-0 were all significantly changed in the
negative direction compared to the readings of the previous 17 runs. It is not
known which of the new conditions (dry lake vs. desert and Askania vs. ballistic
cameras) was responsible for this effect. Possibly both factors were involved.
It is a fact that servo-controlled pulse altimeters such as the AN/APR-57 and
AN/AFN-42(XA-2) will readhigher (other factors being the same) over rough
terrain than over smooth terrain, because of the multiplicity of slant range
reflections. Radio Set SCR-719-0 is not a servo-controlled altimeter, but an
equtivalent effect may have been present because of broadening of the leading
edge of the reflected pulse as seen on the indicator oscilloscope.

The average error of S3 readings uncorrected for tilt was 53-9 feet.
The minimum tilt-corrected error (average of a single run) was 21.2 feet
and the maximum was 57 feet. A summary of the run averages, with vector tilt
angles and tilt corrections, is given in Table I. Vector tilt is the vector
sum of the bank angle and the climb angle; the tilt correction is found by
subtracting from the measured (slant) height S, the quantity S cos a, where a
is the vector tilt angle.

It seems to have been shown that Altimeter AN/APN-57, because of its
narrow beam, measures slant height rather than vertical height, and that it is
therefore necessary to apply a tilt correction. This implies that the
attitude of the aircraft must be known, either from bank and climb indicator
data, or from some other type of sensing device. However, the application of
the tilt correction becomes ineffective for (vector) tilt angles greater than
about 30. It is possible that at angles greater than 30 the reflected signals
are too weak to maintain tight control of the servo system.

E. Antenna Pattern Measurements

Measurements of the radiation pattern of Antenna Assembly AS-368/APN-57
--were made on 15 and 16 September 1949 with facilities of the Air Force
Cambridge Research Laboratories. One object of these measurements was the
determination of the effect of tilting the antenna feed off-center. A complete
repdrt including graphs is attached as Appendix VIII.

F. Life Test

Two Altimeter AN/APN-57 were selected on 3 July 1951 for purposes of life
test. These sets were made up of the following units:

Set No. 1
RT-125/APN-57 Serial No. 3
ID-222/APM-57 Serial No. 15

Set No. 2
"RT-125/A-N-57 Serial No. 4
ID-222/APN-57 Serial No. 1

" ViADC TR 52-193 14
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Test conditions were established as continuous operation during the normal
working day in a +550C ambient atmosphere and with power input voltages of

29 volts DC and 115 volts 400 cps AC.

Life testing was started on 13 July 1951. Nine serious failtres occurred
from that time up to 21 July 1951. On the latter date, set No. 1 had ran
41.6 hours; set No. 2 had run 49.9 hours. Consideration of this poor performance
together with the age of the sets prompted their discard on the basis that they
were nearly worn out and life test data obtained on them would be of little value
in evaluating the merit of the design.

Two new sets were obtained and put on life test on 2 Aagust. These sets
were made ap of the following components:

Set No. 3
RT-125/APN-57 Serial No. 12
ID-222/APN-57 Serial No. 13

Set No. 4
RT-125/APN-57 Serial No. 11
ID-222/APN-57 Serial No. 16

These sets were operated until 11 October. Daring the test period, 230 running
hours were accumulated on set No. 3 and 219 running hours on set No. 4. As
spare parts had become difficult to get at this time, the testswere terminated.
All failures are tabulated in Appendix IX.

Daring these tests, the most common failure occurred in the modulator unit
power supply transformer, T-270. This transformer supplies high voltage to a
conventional fall-wave rectifier which supplies 35 ma. at 1250 V.

An identical power supply was built on a breadboard and it was found that
none of the spare transformers could deliver 27 ma (3/4 load) without barning
out. Because of the type contraction used in these components, the internal
breakdowns could not be investigated thoroughly. The high surface temperatures
reached on these transformers at 75% load indicated improper design. All
failures of this component with one exception showed a short-circuited secondary.
The one exception had a short from secondary to primary to ground.

The other failures were checked to ascertain whether those component parts,
all standard, were being operated within their ratings. With the exception of
a slight over-voltage on three tubes, V-423, V-702, and V-350, operating
conditions were within the ratings. The exact cause of failare of these standard
component parts cannot be ascertained on this quantity of data and the possibility
of their being overrated will be studied by the Design Analysis Section of the
Aircraft Radiation Laboratory in connection with data being collected on other
equipments.
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SECTION IV - 001TCLUSIO17S

It is concluded that:

a. Altimeter A/ANPN-57 meets the accuracy recauirements specified
in the exhibit, provided a compensating error of -42 feet is inserted during

calibration, or if 42 feet is subtracted from the altitude readings during
data reduction, It is believed that this so-called error arises during the
calibration I)rocedure and is not inherent in the altitude measuring circuitry
of the equipment. The equipment is calibrated (set to zero) by allowling the
main bang to actuate the ranging system. The high power of the main bang causes
it to ride past several i-f amplifier stages, arriving at the detector sooner
than does the considerably weaker signal from the ground. Further work on the
equipment should include an investigation of means of redacin:- or eliminating
this calibration error.

b. The ne3d for antenna stabilization wras demonstrated by the
apparent increase in indicated altitude caused by banking the test aircraft
as little as 30. Furthermore, tilt correction ir not effective for vector tilt
angles greater than 30.

c. The need for a precise, fixed position of the antenna feed was
demonstrated during the antenna pattern measurements, when displacing the feed
off-center by only 30 minutes of arc caused the antenna beam-width to increase
by 35% (from 1.70 to 2.30).

d. The size of the antenna (60-inch diameter) makes its installation
impracticable in any but large aircraft, and even then it is somewhat difficult.
Future development of the equipment should include investigation of hijhir
carrier frequencies, which would permit the same or narrower antenna bearaitjath
to be obtained with a smaller antenna.

e. The few deficiencies revealed by the type test and the number
and type of failures experienced in the life test show that the use of TranXs-
mitter-Receiver RT-69/A.S-1O as a part of Altimeter AII/AKi-57, while probably
justified from the standpoint of expediency, was not so successful from the
standpoint of performance and reliability as a new design would have been.

f. The present system of photographic recording of altitude in-
dications with subseqcuent data reduction is not desirable. Work: is now being
conducted on a chart recording attachment for Altimeter AX/APN-57. Although
this attachment does not record altitude variations appearing on the error
scope, an operational technique proposed by the Photographic Reconnaissance
Laboratory subsequent to the design and delivery of Altimeter AIT/APiT-57,
wherein radio altitude readeings are taken only over flat and level stretches
of terrain, would permit the rapid variations of the error scope indicmtions
to be neglected. It is envisaged that the ultimate mapping and clharting

system would dispense even .o.ith the chart recorder, for by the use of digital

computer techniques (for example) it is conceivable that radio altitudes, and
eventuaallr~altitades above sea level (of the terrain below the mapping aircraft)
could be printed in numerical Porm.
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APPZHDIX I

CONIM•XCE REPORT (Excerpt)

SUBJECT: Vertical Control and Shoran

PLACE: Wright Field, Radar Laboratory

DATE: 3 January 19.6

1. A conference was held. in Building 150, Wright Field, Dayton, Ohio.
Those present were:

Col. Karl L. Polifka, A.C. 311 Recon. Wing,
Buckley Field, Colo.

CoI..J. F. Setchell, A.C. 311 P~econ. Wing,

Buckley Field, Cola.

Lt. Col. C.A. Thorpe, A.G. AC/AS-3, Requirements, Hq. AAF

Lt. Col. C.I. Aslakson, A.G. 311 Recon. Wing,
Buckley Field, Colo.

Lt. Col. Philip C. Doran, A.C. 311 Recon. Wing,
Buckley Field, Colo.

Maj. F. J. Hickman, A.G. AQýAS-4, PAD, Eq. AAF

MaJ. W. I. Grieve, A.C. Photo Lab., Eng. Div.,
Wright Field

Maj. T. W. Barfott, A.C. 311 Recon. Wing,
Buckley Field, Colo.

Maj. H. W. Collar, A.G. Radar Lab., Wright Field

Maj. Harry L. Coggin, A.G. Aeronautical Chart Service,
36th AA" Base Unit,
Washington, D. C.

Maj. Robert H. Kingsley, A.C. 36th AM Base Unit

Maj. W. T. Latham, A.C. 36th AAF Base Unit

MaJ. Elden Sewell, C.S. Engineer Board, Aerial Photo Br.
Wright Field

lit Lt. VW.M. Adkisson, B.C. 311 Recon. Wing
Backley Field, Colorado
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Capt. J. Z. Henry, A.C. Photo Lab., Wright Field

Capt. A. 7.raeskal Radar Lab., Wright Field

ist Lt. E. C. Evans Photo Lab., Wright Field

Mr. John Keto Chief Engineer, Radar Lab.

Mr. N. B. Hogenson Project Admin. Elec. Subdiv.

Wright Field

Mr. Eugene Warnock Radar Lab., Wright Field

Mr. J. W. McCollister Photo Lab., Wright Field

Mr. Jack Yolles Fire Control Br., Radar Lab.

Mr. D. Dingwall Engineer Board

Mr. S. A. Segen Fire Control Br., Radar Lab.

Mr. M. Skoller Fire Control Br., Radar Lab.

Mr. William Dean Radar Lab., Wright Field

2. Mr. Keto stated that the purpose of the conference was to determine
the re.iuirements of the 311th Reconnaissance Wing regarding present and
futu•re needs for vertical control in photographic mapping. Colonel Polifka
stated that an instrument was needed which would measure altitude accurately
to one foot per 1000 feet of altitude. His main objective was to increase
the speed of compilations in photograhic mapping and insure accurate maps.
Present barometric altimeters are not sufficiently accurate. Radiosonde
observations are being used in present tests to assist in obtaining altitude
readings correct to plus or minus 50 feet. For accurate contour mapping
improvements are necessary in both radio and barometric altimeters. A large
number of radiosonde stations are necessary for this accuracy.

3- It was decided to state the requirements of the 311th Reconnaissance

Wing as:

A. Immediate requirements.

B. Future requirements, final ty)e of equipment needed for
accurate mapping.

4. These requirements are summarized below:

A. IJMEDL&TE PTUIRIFMCITS:

(1) Accuracy: In order to prepare satisfactory contour
maps, a device is needed to measure the altitude with an
accuracy of at least plus or minus one foot per 1000 feet
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of altitude. This is a desired objective. However, a
minimum accuracy of plus or minus 2 feet per 1000 feet of
altitude would be acceptable at the present time. For
charting, an accuracy or plus or minus 5 to 9 feet per
1000 feet of altitude would be satisfactory. Radnr
Laboratory personnel stated that the SOR-71g is accurate
to approximately plus or minus 25 feet at any altitude.
This meets the contour mapping requirements stated above
when the aircraft is flown above 25,000 feet. Because
of the relatively broad antenna pattern of the SOR-71,
satisfactory observations are possible only over water
or flat terrain.

(2) Altitude: In use, such a device would operate from a
minimum altitude of 10,000 to a maximum altitude of
35,000 'eet. The usual altitde at which this device
would be used would be 16,000 to 20,000 feet.

(3) Beam Width: For immediate use, the 311th Reconnaissance
Wing agreed to accept an effective beam width of 1.30
since Radar Laboratory stated that the present 60-inch
X-Band dish has a beam width of 1.30 and it might be
possible to rake use of this antenna.

(4) Stabilization: It was desirable that the altimeter antenna
be stabilized with the vertical axis of the camera.
However, present cameras are not satisfactorily stabilized
and it was felt that it would be extremely difficult to
stabilize tiie 60-inch dish. It was decided that a fixed
antenna would be acceptable. The antenna would be secured
to the aircraft so that txle beam wotild project vertically
to the ground when the airlane is in level flight.

(5) Schedule: The first two B-29 control aircraft are to leave
in July 1946. It was not expected that vertical control
equipment could be installed in these aircraft by that time,
although under an emergency development flight test models
might be available.

(6) Quantity Requirements: The immediate requireml•nt of the
311th Reconnaissance Wing is 16 equipments, 9 installation
and 9 spares.

(7) Indicator: The desired type of indicator is the Marker-Pip
type with dials, giving a direct reading as in the AI/APN-3.
However, the SCR-719 type of indicator can be flown with
scope cameras and would be acceptable. RC.A is now developing
the AiT-42 direct reading altimeter to be flown in July 1946.
It may be possible to use such an indicator. It may also be
possible to use the Shoran airborne indicator worlking with
the APS-lO. These possibilities must be investi;ated.
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3. YUT-RE RlXUIREM: TS:

The requirements listed below are for equipments to be
developed by a long range development program and will give the ultimate
desired results for photographic mapping.

(1) Accuracy: Plus or minus one foot for each 2000 feet altitude
is desired and plus or minus one foot for each 1000 feet is
acceptable.

(2) Altitude: Equipment would be used chiefly from a minimum
altitude of 10,000 feet to a maximum altitude of 35,000 feet
with the usual altitude being 16,000 to 20,000 feet. If
possible, the ininimum altitude should be extended to permit
observations over high mountains.

(3) Beam Width: The equivalent beam width should be as narrow
as possible consistent with associated equipment, or about
00 51 or less.

(4) Stabilization of Antenna: The antenna should be coupled
to the camera such that the vertical axis of the antenna
is parallel to the vertical axis of the camera at all times.

(5) Schedule: Future.

(6) Wulantity Reqauirement: Uninown. The Coast and Geodetic
Survey, Navy and Army charting and mapl:ing services should
be consulted.

(7) Indicator: The exact type of indicator that would best suit
the needs of all concerned should be investigated by the
Radar Laboratory.

5. Mr. Keto stated that under normal present procedures several months
wor.ld be reuttired to )lace a contract for the type of equipment Mnder discussion,
provided H•. AAR granted the necessary authority. This time could be shortened
by mairing this prograia an emergency procurement.

6. In order to give the best possible accuracy of barometric altimeter
readings during the mapping operations, it may be advisable to install radiosonde
stations at 200 mile intervals around the area to be photographed. Daily radio-
sonde readings would permit the ijaking or pressure charts and would correct
the barometric altimeter readings.

a/Aldrich Zmesal
ALDRICH ZMESEAL, Captain, A.C
Radar Laboratory
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APPEITDIX II Mr. M. B. Lamners:
inET:TSTEX: 5-6199

ARMY AIR FORCES
HE.AD•UJA.:T•!-S1

AIR :A'4TZRIEL CO..i.,jlD

TECGMTI CAL INSTRUCTIONS

SERIAL NO.: TI-2204, Addendum YTo. 1

SUBJECT: System of Vertical Control for flapin' and Chartin•
TO: Engineering Division

1. Problem Presented:

a. To develop and test a vertical control radio alti-
meter for mappin- and charting, and to proctLre sixteen (16)
ejuipments, e idht (9) of which i"iIl be installed in aircraft
and the remaining (g) w.:ill be ,sed as spares.

2. Sactual Data:

a. Project established will cover the development and
testing of accurate vertical control eqcuipment which can be
used for mapping and aeronautical charting.

b. To assure a near future utilization of such eqnuii-
ment it will be necessary to establish a two-phase develop-
mental progran. The first nhase will consist of -ninteriia
progra•u requirements as established bv Inclosure -'-l which is
attached to the action co_.) of this TI. The second ,hase will

be a long range program consisting of final type equipment for
accurate mapping and charting requireiments as established by
Inclosure #2 also attached to action copy of this TI.

3. A~uthority

a. CG, Aa' by 2nd indorsement dated 29 March 1946 from
AýLME-2F/1 to 1st indoraement'. dated I1 Januar. 1946 from
TSELR2A and basic letter dated 19 November 1945, subject:
"System of Vertical Control for Mapp)ing- and Charting.U
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4. Action Desired:

a. Engineering Division will:

(1) Establish a development program to accomplish that
which is stated in 'Troblem Presented", as further
implemented by "Factual Data".

(2) Procure sixteen (16) sets of equipment.

b. A priority of 1-A is assigned to this project for all
phases of this program.

BY COI•MAD OF LT. GENERAL TWINING::

/s/ M. B. Lammers

R. K. TAYLOR
Brigadier General, USA
Chief of Administration

cc: Maintenance Division
Supply Division
Procurement Division
Flight Test Division
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IWIEDIATE INTERIM EQUIPMENT

1. Accuracy In crder to prepare satisfactory contour maps, a device
is needed to measure the altitude with an accuracy of at least plus or minus
one foot per 1000 feet of altitude. This is a desired objective. However, a
minimum accuracy of plus or minus 2 feet per 1000 feet of altitude would be
acceptable at the present time. For charting, an accuracy of plus or minus
5 to 9 feet per 1000 feet of altitude would be satisfactory.

2. Altitude - In use, the equipment will operate from a minima- altitude
of 10,000 feet to a maximum altitude of 30,000 feet. The usual altitude at
which this equipment will be used will be approximately 16,000 to 20,000 feet.

3- Beam Width - For immediate use, acceptable effective beam width of
1-30 * It is possible' that the 60 inch X-band antenn which has a beam width
of 1-30 may be atilizdd with this equipment.

4. Stabilization - It was desirable that the altimeter antenna be
stabilized with the vertical axis of the camera. However, present cameras
are not satisfactorily stabilized and it was felt that it would be extremely
difficult to stabilize the 60 inch dish. Present cameras are not satisfac-
torily stabilized; therefore, it may be extremely difficult to stabilize the
60 inch antenn e. A fixed antenna will be acceptable. The antenna to be
secured to the aircraft so that the beam will project vertically to the ground
when the airplane is in level flight.

5- Schedule - The first two B-29 control aircraft are to leave in
July 1946. It is not expected that vertical control equipment will be installed
in these aircraft by that time, although under an emergency development flight
test models might be available.

6. Qpantity Requirements - The immediate requirement is for sixteen
(16) equipments, eight k8) for installation and eight (9) spares.

7. Indicator - The desired type of indicator is the Marker-Pip type
with dials, giving a direct reading as in the AN/APN-3. However, the SOR-719
type of indicator can be flown with scope cameras and would be acceptable.
ROA is now developing the APN-42 direct reading altimeter to be flown in
July 1946. It may be possible to use such an indicator. It may al'so be
possible to use the Shoran airborne indicator working with the AN/APS-10.

Inclosure #1 & TI-2204, Add. No. 13
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FINAL SQUIPMBM

The requirements listed below are for equipments to be developed by a long
range development program and will give the ultimate desired results for photo-
grq~eg mapping.

1. Accuracy - Plus or minus one foot for each 2000 feet altitude is
desired and plus or minus one foot for each 1000 feet is acceptable.

2. Altitude - Equipment to be used primarily from a minimum altitude of
10,000 feet to a maximum altitude of 35,000 feet with the usual altitude being
16,000 to 20,000 feet. If possible, the minimum altitude should be extended
to permit observations over high mountains.

3. Beam Width - The equivalent bemn width should be as narrow as possible
consistent with associated equipment, or about 00 51 or less.

4. Stabilization of Antenna - The antenna should be coupled to the
camera such that the vertical axis of the antenna is parallel to the vertical
axis of the camera at all times.

5. Schedule - Future.

6. .•antity Requirement - Unknown

7. Indicator - The exact type of indicator that would best suit the
needs of all concerned should be investigated.

Inclosure #2 Co TI-220h, Add. No. i1
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APEiLTDIX III

Exhibit WA to COINTRACT W 3 3-0 3g ac-15029 2 May 1946

DESCRIPTIVE REýUII!A.•TT S

FOR

VEPTICAL COTROL ALTIIZTER E•UJIP1C-TT

A. APPLICABLE SPECIFICATIONS

A-1. The following specificiations and drawings of the issue in effect
on the date of the request for proposal form a part of this exhibit:

A-la. AAF Tentative 71-g54 Aircraft Electronic Ejutipment,
Specification General Specification for

A-lb. Joint Army-•avy JALT-I-225 Interference :i.easurei.eant, Radio,
Methods of, 150 Kilocycles to 20
Meacycles (for Components and
Complete Assemblies)

JAI-0-172 Cases and Mounting Bases, Radio,
Aircraft.

B. TYPES

B-I. The equipment covered by this exhibit consists of the following
listed component parts of Vertical Control Altimeter Equipment, each part to be
complete except as indicated. Only those parts specifically listed in the
contract, and in the quantities therein stated, will be furnished by the con-
tractor.

Part No. Name and Description

1 Transmitter- Receiver

2 Mounting Base for Transmitter-Receiver

3 Indicator

4 Mounting Base for Indicator

5 Antenna Assembly
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B-2. The correct nomenclature for Vertical Control Altimeter Equipment
a:nd each of its major cora)onents will be su.2plied to the contractor by the
Governiaent as soon as available. The furnished nomenclature must be used on
the respective identifying labels, in instruction books, correspondence and
at all other times when making reference to the equipment.

C. 1.UTEJRIAL UTýD WOjpM,:AUSHIP

0-1. This eq•tipi•ent shall comply with the requirements of Section C of
AAP Specification No. 71-954 (see parag.raph A-la.), with the following
exceptions:

0-la. Delete references to "Signal Corps Drawing No. SC-D-103g1" in.
Paragraphs 0-S and C-30, AA" Specification No. 71-854 and substitute "JAIN-C-172".

D. G-NR&L REUI REi•NTS

D-1. This equipment shall comply withthe requirements of Section D of
.a• Specification No. 71-954 (see Paragraph A-la.), with the following
exceptions:

D-la. Delete Paragra.ph D-ld in its entirety.

D-lb. Delete Paragraph D-lg(l) (a) and substitute the following:

"Conducted Noise. The conducted radio-frequency voltage produced by
the operation of this equipment on wiring leading from this equipment to other
equipments in the aircraft and between this wiring and ground shall not exceed
50 microvolts over a frequency range of 0.150 to 20 megacycles. The test
methods used to determine the extent of radio interference shall be as described
in JAN- Specification JAIN-I-225 (see paragraph A-la, above). The contractor
shall perform the interference tests and submit the results to the Contracting
Officer."

D-Ic. Change Paragraph D-2c to read: "Test period shall be thirty days,
with the equip-ment in operation two hours out of each 24.U

D-ld. Add a new Paragraph D-7 as follows:

"D-7. Vulnerability to interference. The equipment shall be in-
vulnerable to interference of the types likely to be encountered while installed
and in use in military aircraft, to as high a degree as practicable."

fl-is. Delete Paragraph D-2a(3), substitute, "Altitude. - Operation at
barometric pressures corresponding to a range of from 10,000 to 35,000 feet
altitude above sea-level (sea-level barometer at 30 inches of mercury).
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D-2. The Government will furnish the contractor with all Transmitter-
Receiver IT-69/APS-10 units for modification, and incorporation into each
Vertical Control Altimeter Equioment procured. Other components mentioned
in this exhibit will be available to the contractor as stipulated in the
contract.

3. I1TAIL REJUIREIMTTS.

B-1. General. - This exhibit covers a type of high-altitude radio
altimeter designed to provide highly accurate readings of distance above terrain
by using a narrow antenna beam-width and other necessary refinements. It is
intended to replace Radio Set SCR-7lg-M in a magoing and charting system.
Modulator, transmitter, and receiver circuits will be those of Radio Set
AN/APS-I0, modified; timing and indicating circuits will be those of Radio Set
AI/APN-3 (Shoran), suitably modified.

3-2. Rng. The range of altitudes through which this equipment will
perform shall be from 10,000 to 35,000 feet.

3-3. Accuracy. The error in indications shall not exceed +0.2 percent.

Desired figure is *0.05 percent.

Z.-4. Indication. Presentation shall be similar to that of Indicator
ID-17/APN-3, utilizing pip-matching and dial or counter reading

3-5. Transmitter-Receiver. The Transmitter-Receiver shall be Transmitter-
Receiver RT-69/APS-10, suitably modified by increasing the prf, reducing the
pulse width, and increasing the i-f band-width. These modifications shall be
made in keeping with the shorter range and greater accuracy required. This unit
will be furnished the contractor by the Government.

B-6. Indicator. The Indicator may be similar to Indicator 1-152-0
(part of Radio Set S0R-IS71-), but incorporating necessary features of Indicator
IM-17/APN-3 (See paragraph 3-A). Size shall not exceed l.8 cubic feet and weight
shall not exceed 60 pounds. All operating controls shall be on the front panel
of the indicator unit.

E-7. Antenna. The antenna shall include a parabolic reflector not more
than sixty inches in diameter, such that the beam-width at half power does
not exceed 1.55 plus or minus 0.10 with the beam centered. The radiated field
strength of any of the minor lobes shall be at least 20 db below that of the
major (central) lobe. Mounting facilities shall be as nearly identical to those
of Antenna Assembly AS-291/APq as practicable. The antenna assembly need not
be stabilized.

H-9. Performance. Performance shall comply with requirements of this
Exhibit at all altitudes between 10,000 and 35,000 feet, over all types of
terrain, including ice, snow, mountains, and desert.
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F. MTHODS OF IITSPECTION AND TEST

F-I. The requirements of Section F of Specification No. 71-954 are
applicable with the exception of Paragraph F-2a, which is deleted.

G. PACKAGING, PACKING, ANTD URKING

G-I. See the contract for applicable requirements.

H. NOTES

H-i. Copies of the specifications referenced in paragraph A-I may be
obtained from Commanding General, Air Materiel Command, Wright Field, Dayton,
Ohio.

Notice. When government drawings, specifications, or other data
are used for any purpose other than in connection with a definitely related
government procurement operation, the United States Government thereby
incurs no responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the said
drawings, specifications, or other data is not to be regarded by implication
or otherwise as in any manner licensing the holder or any other person or
corporation or conveying any rights or permission to manuifacture, use or sell
any patented invention that Laay in any way be related thereto.
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APPENDIX IV

TPR TZST OF ALTIMTfl AN/AMN-57
By ROA Victor Division. Oaminn, New Jersey

Spot Tem'ieratnre$- Unit •it Specification 71-854-a, paragraph D-ira

Conditions of Test:

1. The points at which temperatureswere measured were
selected as the hot spots (in terms of component ratings)
as determained by tests on an earlier model.

2. Ambient room temperature 260G. Equipment operated on open
bench.

3. Temperatures measur•dby thermocouples inside dust cover,
and thermometers outside dlist cover. Temperature rise in
transformer windings was determined by calculation from
change of resistance in the windings.

4. Duration of test two hours, approximately, sufficient to
reach temi)erature stabilization.

5. Line voltage measured at 120V (High limit) 400 cycles.

6. For first hour servo was balanced on an echo signal. For
second hour servo was mechanically tied off balance so
that maximum input power to the servo motor was obtained.

Measured rise Ilaximum outside Expected Maximum
above outside ambient Spec. Mximum rated
au-bient 71-5)4-a temperature temperature
temi)erature D-2a, (1)(a) of part of part

Top of Case of Power 39-7 55 94.7
t ransf ormer

Filter capacitor 28 55 93 95
near regulator

Servo transformer Case 24.9 55 79.9

Capacitor on Video 17.9 55 72.8 85
Amplifier

Multiplier Coil
Deflection Cbhassis 17 55 72 85

Side of case of 20.2 55 75.2
heater transformer
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fleasured rise i mzia outside Expected Maximum
above outside ambient Spec. lziaximum rated
ab •i ent 71-954-a teloperat ure te.- .eratuire
te-,erature D-2a, (1) (a) of part of psaat

* Heater transforoer 33-5 55 gg.5 105
pr Lanry w.in•.ing•

* Servo transformer

secondary winding 35-5 55 90.5 105

EipUim)ent Operating (Te.p)erature Test) Unit #1

Specification 7l-Sý54-a iýra-raph D-2a(1)

Purpose:

To deteruine the effect of term-Deratture on equiipxent o er tion, the
following w:ere measureci over the teLperatuire rangje -5500 to +7100:

1. The teaiperattre characteristic of goniometer linearity.

2. The transaitter power output.

3. The receiver sensitivity.

I,. The crystal oscillhtor frequency.

5. The- traching of the 3 I0 gate dtilse and the 100 KO tri-ger
pulse at the mixer.

Phes:_ts :-

1. The enuipx.iont performed continuously throughout the tests.

2. The servo :aechanisa gonioai:etar-comdensator combination mal.es one
compilete revolution for each 5000 feet of altitude so the data was
taken only over that raage and the information gained app:lies at each
raultiple of 5000 feet.

3- If the goniometer con-)ensator were ideally adjusted, the characteristics
curves shown on page 32 which were ta'zen at room tem oer:atutre +29o0
would be straight horizontal lines. Also if the goniometer itself were
ideal, the characteristic )lotted at different temperature, such as
+5500, would also be a straight horizontal line. Then in equipment
operation at another teiperature any shift in the position of this
characteristic straight horizontal line with respect to the one at room

*measured by change in resistance
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temperature could be corrected for by putting the "Operate-Calibrate"
switch in the "Calibrate" position and adjusting the "zero pulse"
=knob. After calibration the eqaipment would give cori-ect indication
of altitude.

Whlen these characteristics for room temperature were plotted, the col-
pensator was not ideally adjusted, hence they are not straight hori-
zontal lines, however, since the change of temiperature is what we
wanted to know from this test, the initial compensator aajustment did
not matter. The difference between the curves for different temp)era-
tures which actally show5 the change of goniometer characteristic for
temperatLure chLunge gives as the limits or spread in error of altitude
indication resulting from temperature chan-:e.

Ideally in eciuipent operation the goniometer-co-2iensator would be
adjusted so that the chacracteristic at room tenmerati.re ;o,2.ldc be a
straight horizontal (linearity of Unit il was adjusted to a spread
of 2 feet prior to shipment) line, then at operatior 2ýt some other
temperature, the characteristic to be expected would be the saper-
position of the temperature characteristic on the strai-ht line. A
shift in the average position of the straight line can be corrected
for by adjustment of the "zero pulse" knob during equipment calibration.
Since the overall characteristic at this other tex.i-erature is not
flat the limit of inaccuracy is now plas or minus the spread of
the temperature characteristic.

If there were no error of altitude indication introduced as a result
of temperature change, the temperature characteristics shown on 'pages
pages 32 and 40 would have been straight horizontal lines and, the
spread zero feet and the inaccuracy would be + zero feet.

The spread of the temiperature characteristic shown on the graph on
page 32 is 5 feet resulting from temperature change from
29C to +55C0.

The spread of the temperature characteristic shown on the graph
page 40 is 6 feet resulting from temiperature change from
+30*0 to -530.

As a figure of accuracy of these measurements it was found that under
the test conditions in reading linearity curves, the curves could be
duplicated to within 2 feet or less.

4. The transmitted power unit was measured and found to be constant
within 0.3 db (better than the measurement accuracy) over the temperature range
of -53*0 to +5500.
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5. Receiver sensitivity was very little affected by temperature changes.

6. Notice that receiver sensitivity measuxenvrnts are all made at the
same 10,000 feet altitude position. This is done because the shape of the
cyclic pulse is such that below about 7000 feet of altitude the trailing edge
of the cyclic pulse will cause readings of A.G.G. voltage which ,ill vary
depending upon the altitude at which the measurements are made.

7. The A.G.C. voltage developed is also dependent Ltron the value of the
A.G.C. Delay Voltag-e at diode V422. This delay voltage varies according to the
tolerance of the value of the resistors R527 and P?5529 and is nominally at +75
to +90 volts.

9. Measurements made on the frequency of the 99 KO crystal oscillator
circuit during- the temperature tests showed a change of freqjuency of -3 Cps
when the temperature changed from 3000 ambient to +5500 ambient and a change of
+4 cps when the temperature changed from 300C to -4600.
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SMWJET TYPE TEST RUILI AT +2900
Unit Serial Yo. 1

GO::IO17T•R LIAr.ý.ITY RWEIV2R SEI.TSITIVITY
At lO,000 fe-et altitude"ALTITUME DEVI.TIOIT II: F=ET ATTFIPUATOR A. G. C.

ADIIUG fVOLTAGE
F"ZT DB Volts

15,000 0 0 -5.1

750 -1 5 -4.9

500 -3 10 -4.35

250 0 15 -3-65

114, 003 0 20 -2.5

750 -2 25 -0.55

500 -2 30 0

250 -2 31 Servo Loses Control

13,000 -1

750 -1

500 -1

250 -1 A.G.C. VOLTAGE) -5
J7 -7;1AI B4aTG) -5"3 VOLTS

12,000 -2

750 -4 I MA.GIMETR0I
POWER OUTPUT DB

500 -3

250 -3 MAGIETROITI,00F~zEQ.UETCY MC
11,000

750 sERvo 50 FT
OFF TRACKINQ AT DB500 -3

S~-2

0 Date April 12L 1948
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TYPE TEST ZUK AT +5500
Unit Serial No. 1

GONIOMTER LINEARITY RECEIVER SESITIVITY
At 10,000 feet altitude

ALTITUDE DEVIATION IN FEET ATTMTUATOB A. G. C.
I ADI1TG VOLTA:GI

FEET DB Volts

15,000 -1 0 -5.3

750 -3 5 -4.9

500 -5 10 -4.5

250 -i 15 -3.-

1,o000 -3 20 -2.75

750 -5 25 -0.9

500 -i 30 0

250 -4i .34 Servo Loses Control

13,000 -2

750 0

500 -1

250 0 A.G.C. VOLTAGE) 53 VOLTS
oIN i-AIIT BAcG )

12,000 -4

750 -5 MAGEUTROT
POWER OUTPUT DB

500 -4

250 -i NM7GTTRON
FREQTJEITC Y MC

11,000 -4iRQENYt

750 -3 SERVO 50 FT
OFF TRACKING AT DB

500 -3

250 -2

10,000 0 Date April 12, 194g
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TYPS TEST RUT AT +3000 FOR TEI.PEATURE CHARACTERISTIC
Unit Serial No. 1

GOI%'IOI,.TER LINEARITY RECEIVER SENSITIVITY
At 10,000 feet altitude

ALTITUIS DEVIATION IN FEET ATTEnMLTOR A.G. 0.
READING VOLTA(M

FEET DB Volts
(10 V scale)

15,000 -2 +2 0 -5.4

750 -3 -1 5 -5.1

500 -3 -1 10 -4.7

250 0 +2 15 -4.1
(3 V scale)

1I4,000 +1 +5 20 -3.1, -2.9

750 -2 +2 25 -1.4

500 +1 +3 30 0

250 -2 +2 34 Servo loses control

13,000 0 +2

750 -2 +2

500 "I 0 A.G.C VOLTAGE) -5 .4t VOLTS
ON MAIN BAG )

250 -2 +1

12, 000 -5 0 IAGITETOIO 12
POIMR OUTPUT 6 DB

750 -3 -1 20

500 -4 +2

250 -3 +1 iiAETRON 93)47 1VIC
FEQUEITCY

11,000 -2 0

750 -3 0 SERVO 50 FT
OFF TRACKING AT DB

500 -3 -1

250 -2 -1

10,000 0 0 Date April 13, 194g
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TYPE TEST RUjI AT -5730 FOR TEI.TPaATUt? C.PoRCTM"ISTIG
Unit Serial i1o. 1

GONIO1.MT2R LIIEARITY R-ECEIVER SEZ'SITIVITY
At 10,000 feet Altitude

ALTITUDE DEVIATION IN FEET ATTEIEJTOR A.G. 0
READIITG VOLTAGE

FEET DB Volts
(10 V scale)

15,000 +3 +1 0 -5.5

750 +1 0 5 -5.0

500 +2 -2 10 4-•. .5

250 +4 +3 15 -3.45(3 V scale)

14,000 +5 +3 20 -1.-, -1.7

750 +2 0 24 0

500 +4 +2 29 Servo loses control

250 +2 +1

13,000 +2 +1

750 +2 -1

500 +2 -2

250 0 -2 A.G.C. VOLTý,GE) -6.0 VOLTSO1N IU•fl BA.TJ )

12,000 0 -4

750 -1 -3 MAGITETROIT 11.7
Po0MR OTIET 6.o DB

500 0 -3 20.0
37.7

250 +1 0

11,000 +1 -1 iA.T1T7T6OiT 93614 1C

750 -1 -1

500 -. -1 SERVO 50 FT
OFF MAXIING AT DB

250 -1 -1

10,000 0 0 Date April 14, l94g
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U'TIT V1

Measurem'nts made on the mixer pulse at J4l1 to determine how 1.Tell
the 10C X0 pulses tracked in the 3 KC gate pulse, show., that as the servo
rotates at a fixed te:•xerature the shift of the 100 kc trig.Jer pulses with
respect to the aate pulse is less than one microsecond. When the temperature
i'as chanced from 300C a;bient to -530C -ugbient the tri -er pulse however,
moved 3 microseconr•s toward the leading edge of the gate pulse although it
stayed close to this position as the servo rotated. This shift was still within
safe liits but e.plhasizos the imp)ortance of havin& the correct alignment ad-

Justment of the trig-er ;ulse centered in the g-ate when the equipment is operated
at room te:n.erat tre 30C0.

E~ui enet O;ertin(iHLvdict-it test) Unit iel - Si~cifica.tion YTo. 71-S54-a
-)ara,:ra Ah D-2a(2)

Goaclitions:

1. (,quipment in test cha:-2oer operated while ambient teuperatlire
varied from -5500 to +5000 ,ith 100% humidity.

2. Although condensation took place in and on the equipment in the
form-. of bot.q water and frost, the equipment operated continuous-
ly.

3- Detailed data was not taken on this test.

IResults:

1. The equipment op~erated pjroperly all during the tests.

Ejuipient 0perating (Altitude Test) Specified maximum altitude operation
ý,C)UUU feet.

Conditions of Test:

1. Zq.ip.ient in altitude test chamber and operating with ambient
temperatuire 3000.

2. Chamber evacuated until pressure reached equivalent of 40,000
feet of altitude and remained so for a period of 15 minutes.

Results of Test:

1. .quipment operated continuously and no change in performance
was observed.
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Equipment Non-Operating (Temperature test) Spec. 71-954-a, paragraph D-2b(l).

Conditions:

1. Equipment set up in chamber and temperature cycled from 3000
to -53*C to +300 and then turned on and operated.

2. Equipment cycled from 3000 to +950G and back to +300 and then
turned on and operated.

Results:

1. The equipment operated satisfactorily after subjection to these
temperaturesand upon further examination no defects were found.

Equipment Non-Operating (Humidity test) Spec. 71-9541-a, paragraph D-2h(2)

Conditions:

1. Equipment set up in chamber and operated at room temperature
(3000) and data taken on goniometer linearity, receiver
sensitivity, etc.

2. Equipment was then shut off and remained off for a period of
48 hours during which time the temperature of the chamber
was maintained at 5000 and the humidity was maintained at 95%.

3. The equipment was then turned on again and more data taken of
goniometer linearity and receiver sensitivity.

4. While the equipment continued to operate another set of data
was taken one hour later.

5. The equipment was then shut off and remained off while at room
conditions of temperature 3000 for a period of 24 hours.

6. The equipment was then turned on again at the end of the 24 hour

period and another set of data was taken.

Results:

1. The results of these tests as plotted on the graphs on pages
45 and 49 show that when the equipment is used immediately
after storage at high humidity, the spread of goniometer tempera-
ture characteristic is as much as 26 feet.

2. The goniometer characteristic measured after 24 hours non-
operation had returned to the same as the characteristic measured
preceding the test.
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3. The characteristic measured after one hour of operation follow-
ing the storage at 95% humidity and +5000 for 48 hours as com-
pared to the characteristic measured 24 hours later (when after
non-operation at room temperature and humidity, the characteristic
returned to the same as that measured preceding the test) shows
that the spread remaining ;fter the one hour was 15 feet due to
the remaining humidity.

4. Other than this change in the characteristic, the equipment
operated satisfactorily within 15 minutes after being turned on.
Previous to this 15 minutes the trace on the oscilloscope was
in bad focus and therefore difficult to read but this was the
only fault.

Equipment Non-Operating (Altitude test) Spec. 71-954-a Paragraph D-2b(3)

Conditions:

1. Equipment set up in altitude chamber and with temperature +3000,
barometric altitude was increased to 40,000 feet, maintained
at 40,000 feet for a period of 10 minute% then returned to zero
feet of altitude.

Result s:

1. The equipment operated satisfactorily after the test and upon
examination no defects were observed.
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AN/APN-57, Serial No.1

Goniometer Linearity at Room Conditions Showing Characteristic Before and

After Leaving Unit in Chamber for 4-8 Hours at 500C and 95% Humidity

+6

7, 7 4+4

+

initial Characteristic at Room Temp

(250C)
-2

7 -4

_6

... ...... .

-7-7 .7-ý 7 F.+10

++8

+6 
t:

+4 

'T
j

W

0 --- ----

Characteristic Af ter 48-2 
Hours in Chamber at 500C

and 95% Humidity

T
-6

4--

J -10

77
q-7

(INWRTM)
+14 7

+12 Humidity Characteristic 'or
J

+10 7: Goniometer Change Resulting
from Temp and Humidity Changes

Spread 24 ft
+ 6

+4

77'

j
LLL

0

H-
44

:+7, 

77
I I -6 LL 

j14 5 C10,000 11,000 "'r, 12,000 13, 000 ":r r14100f)"
TT

aT4A Altitude iU 1-1

Fig. 15. Goniometer Characteristics, AN/APN-57, Serial No. I
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HUMIDITY TEST
INITIAL OHAPA&TERISTIC AT ROOM TEMP.(250C) & HUMIDITY

Unit Serial No. 1

GONIOMETER LINEARITY RE0EIVER SENSITIVITY

ALTITUDE DEVIATION IN FEET ATTUATOR A.G.C.
READING VOLTAGE

FEET m Volts

15,000 0 0 -4.2

T50 +5 5 -3.-5

500 0 10 -3.3

250 +1 15 -2.4

11,O000 +1 20 -0.95

750 +4 25 -0.05

500 +2 30 -0.05

250 +7 35 -0.05

13,000 +2 39 Servo loses control

750 +6

500 +9 A.. G.C. VOLTAC,) -6.5 VOLTS
ONi MAIN BANG

250 +5

12,000 +2

750 +2 MAIETROT I 9
POWER OUTPUT DB

500 -3

250 -1
10 AGITETRON 9352 Mc11, 000 -I FREWUF11OY

750 0 SERVO 50 FT
OFF TFACICING AT DB

500 0

250 +6

10,000 0 Date _ay lg, 1949
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HUTIDITY TEST

CIL-UPMCT-RISTIC 49FTEL 4 HOUHS IN CHAIYER AT 5000 and 95% HUMIDITY
Unit Serial 17o. 1

GOMTIO' MT2R LIEaRITY RECEIVER SEITSITIVITY

ALTITUDE DEVIATIOlT IT FEET tTTETUTOR A. G.C.
BEADIITG VOLTAGE

FEET DB Volts

15,000 0 0 -5.5

750 +9 5 -5.1

500 +9 10 -4.5

250 +9 15 -3.5

14,000 +3 20 -1.7

750 -3 22 0

500 -9 25 +0.4

250 -9 341-.5 +0.4

13,000 -10

750 0

500 +3 A.G.C. VOLTAGE) -5.8 VOLTS
ON lT BT ) 5 VOLTS

250 +9

12,000 +10 MA GTETROI 9P OI,,TaR OUTPUT 9 DB

750 +7 OPT

500 -4

250 -5 MAGIETRON 9353.5 Mo
FREQýUENCY

11,000 -9

750 -12 SERVO 50 FT
OFF TRTABYIlO AT 27 DB

500 -10

250 -5

10,000 0 Date Mary 20, 194,
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MIdIDITY TEST
CRHARCTAP.ISTIC OBTAI:2D 0 TTOT.- FT7-7 771IDITY TEST

Unit Serial 'ýo. 1

GOITIOm2T"R LIEsIRTITY ?ECEI= SM'SITIVITY

ALT ITUDE D'VIATIOIT IFET ATT MEL.TO2 02
PzLDI'1 7VOLT 1G2E

FEET Temp. Char. DB Vo1ts

15,000 -1 -1 0

750 +6 +1 5 3

500 +3 +3 10 -3.7

250 +4 +3 15 -2.55

14,000 +1 0 20 -0.7

750 -2 -6 21 0

500 -3 -5

250 -4 -Ii

13,000 -9 -10

750 -1 -7

500 +5 -4 A. G. C. VOLTA') -5.5 VOLTS
or- -AIIT BAIT-1)

250 +9 +3

12,000 +7 +5 MAG-7TýOIT 9
PFO•FM OUTPTTT . DB

750 +3 +1

500 -1 +2 MAGUTRON 9353.5 Ma
FE•QUENCY

250 -6 -5 SERVO 50 FT
OFII i• IT AT 27 m

11,000 -g -7

750 -9 -9

500 -11 -11

250 -3 -9

10,000 0 0 Date May 20, 194•.
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kN/ArN-57, Serial No.1

X z Charae'teristies Taken One Hour and One

Day After Humidity Test
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Fig. 16. niome Characteristics, AN/APN-57, Serial No. 1
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HtYUIDITY TEST
CHAiR&TERISTIO 0BTAI1TD 0I T D&Y U'T3R HUm,1IDITY TEST

Unit Serial No. 1

G01:0"MMER, LI!i7Z-ITY RECEIVER SETS ITIVITY

DLTITEJE EVI-TI0i rý F.,EET ATTJl-T TOR A.G.0.
'RADING VOLTA(M

FZET DB Volts

15,000 0 0 0 -4.55
750 +2 -3 5 -4.15

500 +1 +1 10 -3.6

250 +2 +1 15 -2.7

14,000 +2 +1 20 -1.2

750 4- 0 a4 0

500 +3 +1 25

50 +5 -2
17,000 0 -2

75o +6 0

500 +6 -3

250 +4 -1 A.... VOLTAGE) VOLTS

1Z, 000 +2 0

750 0 -2 MIGITETROT
POE2 OUTPUT DB500 -3 0

1UGMETR0N
250 -1 0 F1"s'.ENCY MO

11,000 -1 0

750 0 0 SRVO 50 FT
OFF TRACKING AT 26 DB500 -1 -1

250 +3 -3

10,000 0 0 Date iiay 21, 134S
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Vibration test - Specification 71-854-a paragraph D-3b

Conditions of test:

1. Equipment mounted on its shock mounts on table and all connections
made.

2. Vibration cycled between 10 and 35 cycles/second with an amplitude
varying from 1/32" at 10 cycles per second to ý/32" at 35 cycles
per second for the first 45 minutes and from J/2" at 35 cycles
per second to 3/32" at 55 cycles per second for the second 45
minutes.

a. Total of 90 minutes in a direction parallel to the horizontal
major axis.

b. Total of 90 minutes, horizontally at right angles to the

major axis.

c. Total of 90 minutes vertically.

Results of test:

1. Equipment operated continuously during tests except that tube
V412 :Cailed (internal grid to cathode short) as table was being
changed from crosswise to vertical vibration.

2. With vertical vibration the resonance frequency of the front
shock mounts was 10 cycles per second and of the rear shock
mounts 14 cycles per second.

Alternating Current Power System Regulation -
Specification 71-954-a. Paragraph D-4b(l)(2) and (3)

Conditions:

1. Equipment set up and -erated on test bench.

2. Voltage varied from 90 to 135 volts while frequency was set at
300, 400, 500, 600, 700, 800, 900, 1000 cycles per second.

Results:

1. It was found that the indicator would operate satisfactorily
over the range 95 to 135 volts; over the whole frequency range
300 to 1000 cycles per second.

2. Below 110 and above 120 volts the A.F.C. circuit in the trans-
mitter receiver unit ceased to operate.
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TM TESTS 0-11 UI IT #2

The following tests were repeated on Unit ;2 with the same results or results
as given in the foll"vin- graphs:

Equipment Operating (Temperature test)

Spread of temperature chaviracteristic 5 ft & 4 ft fro.i +3000 to +5500

Spread of te!.Uperature characteristic 5 ft & 5 ft from +3000 to 0O0

Spread of temperature characteristic 9 ft & 5 ft from +30o0 to -5500

Spread of temiperature characteristic 9 ft & 5 ft from +3000 to +7100

Equipment Operating (Humidity test)

Equipment Operating (Altitude test)

Equipment Non-Operating (Teemperature test)

Equipment Non-Operating (Humidity test)

Equipment Non-Operating (Altitude test)

Vibration test

(The equipment operated continuously during the Vibration test)

Alternating Current Power Systemi Regulation.
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TYPE TEST FOR MTERZTUBE CIL.R•TLCTMISTIC +3000
Unit Serial No. 2

GONIOMTER LIIN.ARITY M CEIVER SEITSITIVITY
At 10,000 feet altitude

ALTITUDE DEVIATIO1 IN FEET ATTEIPTATOR A.G.0.
READfiTG VOLT AGcE

FEET DB Volts

15,000 -1 0 0 -4

750 -1 0 5 -3.7

500 -2 -1 10 -3.5

250 -2 +1 15 -2.9

14,000 0 +1 20 -2.3

750 -5 -3 25 -1.35

500 -1 -1 30 -. 55

L50 -1 0

13,000 -1 0

750

500

250 -1 0 A.G.0. VOLTAGE) -4.7? VOLTS
OI MAIN BAYTG )

12,000 -2 -1

750 -2 -2 MAGNIETRON 20
POWER OUTPUT 4 IM

500 -5 -3
33.5

250 -2 -2

11,000 -2 -1 M•U•ION 9336 14G
FmTJEN0Y

750 -1 -1

500 0 0 SERVO 5oFT
OFF T•B•OKIG AT 31 im

250 0 0

10,000 0 0 Date August 27, 194
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TYPE TEST TE14EF2TURE CH.-CTZruSTIo +550C
Unit Serial No. 2

GONIOIMTER LIIYEi.RITY PECEIVER SETSITIVITY
At 10,000 feet altitndeALTITUDE DEVIATION IN FMET ATTFU.ATOR A.G.0.

iADING VOLTAG0
FEET Ist 2nd IM Volts

Run Run

15,000 -1 -2 0 3.4

750 -3 -3 5 3.1, 2.9 (3 V scale)

500 -3 -3 10 2.6

250 -1 -3 15 2.15

14,0oo -3 -3 20 1.55

750 -3 -4 25 .55

500 -3 -3 30 .1

250 -3 -3

13,000

750

500 -2 -3 A.G.C. VOLTAGE) 37. VOLTS

250 -4

12, 000 -5 -5 1.U•'1TTRO1T 20
POX(R OUTPUT 4 M.

750 -5 -6 .

33500 -5 -6

250 -4 -5 MA&IGTRON 9332
FREQUENTCY MO

11,000 -4 -3

750 -4 -3 SERVO 50 FT
OFF TRACKING AT 31 IB

500 -2 -3

250 -1 -2

10,000 0 0 Date August 30, 194g
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ENUIPi.ZT OP~IITIU- II. Zi 2R~ +3000
Unit Serial 1-o. 2

GOL:I0ETzRI II-A•RI TY RE-E I TER S"'S IT IVI TY

ALTITUDE DEVI.LTIOiT I.- FEET :TT07JTOR A. 0.C.
VOLTiCt-E

FEEIT I!, t 21-.c D3 Volt s
Rum R"",

15,000 0 0

750 -. 0 5 -3.7

500 -2 -. 1o -3.5

250 -2 +1 15 -L. r,

114,000 C +1 20 -2.3

750 -5 -3 25 -1.35

500 -1 -1 30 -0.55

250 -1 0

13,000 -1 0

750

500 G.0. VLT.ýZ)
OiT i.ui: 3C ) VOLTS

250 -1. 0

12,000 -2 -1 L ¶Gi.TR0U 9.5
0,,.• 07UT 14. 0 D

750 -2 -2 20.0
33.5

500 -5 -3

250 -2 -2 F:,TjUICOY 9330.5 .iZ

11,000 -2 -1

750 -1 -1 SERV0 50 FT
OFF TRICXIiTG 1T 31 DB

500 0 0

250 0 0

10,000 0 0 Date Attgust 27, 1949
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TEi: 1nR4i RE TEST
EUJJIP PZ:T OP0TITlIT ICHL*±Bfl iT 000

Unit Serial ITo. 2

•/0 TXI Oi2T"R LIr2dI TY .CE. IVER SEI.S IT IVI TY

2 1 T1DE DEV1i:ITI I0 FEET ,,•-jT F, A.G.--.
RF•I •VOL T.,iGL

!st 2d. DB Volts
Rmi Runa

15,000 +3 0 0 -3.

750 +2 0 5 -3.0, -2.9

500 +2 -1 10 -2.6

250 +3 -1 15 -2.15

1 ,000 +2 0 20 -1.55

750 +2 0 25 -0.65

500 +2 -1 30 -0.10

250 35

13,000

750

500 +2 0

250 0 -1 A. G.C. VOLTAGE) -3.9 VOLTS
0IT -AIIT B4TG )

12,000 +1 -1 ,,A-GTETR01 9
P01MR OUTPUT 4- DB

750 0 -2 20
•, •,-33

500 -i -2
I,IAGITETROIT

250 +2 -1 F2.'JE•ITCY 9342 MO

11,000 +3 -1 SERVO 50 FT

OFF TRACKI1TG AT 31 DB750 +2 0

500 0 -2

250 0 -1

10,000 0 0 Date Au;ust 30, 1949
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TE!-IPEZRTURUE TESTS

EQJUIPI, TT OP:-XýTIh.G LIT CHAkMER AT +300C
Unit Serial Yo. 2

GOGII, 1 .- TER L IlTZITY ?XCOEI\VER SENTSITIVITY

'Z.TIrE DEVIATIO, 1i7 FKT ATTENJUATOR A.G.C.
READIITG VOLTAGE

FE1T Ist 2nd. 3rd fB Volts
Ran Run Run

15,000 +2 0 +l 0 -2.6

750 +1 -1 0 5 -2.3

500 +1 -1 0 10 -1.9

250 +2 +1 +1 15 -1.2

14,000 +2 +2 +1 20 -0.1

750 +2 0 0 25 -0.1

500 +i -1 -1

250 +2 +i 0

13,000 +2 +1 +2

750 +2 -1 0

500 0 -2 -1

250 A.G.0. VOLTA-3)
0IM- II" B\L'G ) -3.3 VOLTS

12,000

750 0 -2 -1 10&17.ETROIT lO
PO'WR OUTPUT 4 DB

500 -1 -2 -3 20

250 -2 -2 -2 DLI'BTROIT
FB•U•cmToY 9333.5 lAO

11, 000 -1 -1 -2

750 -2 -2 -3 SERVO 50 FT
OFF TPiCING AT 27 DB

500 -1 -2 -2

250 -1 -2 -1

10,000 0 -1 0 Date September 2, 1949
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TEMPE PtLTLUx TESTS
EQUIPMENT OPERATII G =1 CHAABER A +71@0

Unit Serial No. 2

GONIO4ETER LI•NEARITY RECEIVER SEITSI TIVITY

ALTITUDE DEVIAT ION IN FEET ATTINUATOR A.G.O.
READI'N G VOLTAGE

nEET DB Volts

15,000 +1 0 -3.4

750 -1 5 -3.0, -2.8

500 -1 10 -2.5

250 -1 15 -2.0

I4, 000 -2 20 -1.3

750 -3 25 0

500 -3

250

13,000

750 -3

500 -3 A. G.C. VOLTaGZE) VOLTS
ON fl1IN• ) -3.6

250 -3

12,000 -2 'KA-G1TTRON 10
POWER OUTPUT 4 DB

750 -2 20

500 -3

250 -2 UAMETR0OU 9329 14C
FREZTENCY

11,000 0
SERVO 50 FT

750 0 OFF TRACKING AT 29 DB

500 0

250

10,000 Date Aqgust 31, 194g
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TYPE TEST RUN AT +3000 FOR TEMPERATURE CHAaAcTERISTIC
Unit Serial No. 2

GONIOIETER LINEARITY BRCIIVZR SENSITIVITY
At 10,000 feet altitude

ALTITUDE DEVIATION IY1 FEET ATTENUATOR A.G.O
READING VOLTAGE

FEET lot 2nd m Volts
Run Run

15,000 -1 0 0 -4

750 -1 0 5 -3.7

500 -2 -1 10 -3.5

250 -2 +1 15 -2.9

14,000 0 +1 20 -2.3

750 -5 -3 25 -1.35

500 -1 -1 30 -. 55

250 -1 0

13,000 -1 0

750

500

250 -1 0 A.G.C. VOLTAGE) -4.7 VOLTS
0 MAIN BANG )

12,000 -2 -1

750 -2 -2 MAGNETRON 20
POER OUTPUT 4 IB

500 -5 -3 9.5
33.5

290 -2 -2

11,000 -2 -1 MAGIETRON
FREqUENCY 9336 Mo

750 -1 -1

500 0 0 SERVO 50FT
OFF TRACKING AT 31 XB

250 0 0

l09, O 0 0 Date Auaist 27, 1949
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TYPE TEST RUN AT -550C FOR TEMP-2ATUBE CHARACTERISTIC
Unit Serial No. 2

GONIOITER LIITEARITY ROCEIVER SENSITIVITY

At 10,000 feet altituide

ALTITUDE IMVIATI0IJ IN FEET ATTEIMATOR A.G.C.
READING VOLTAGE

FEET Ist 2nd . Volts
Run Run

15,000 +2 +2 0 -2.9

750 +1 0 5 -2.65

500 +1 +l 10 -2.25

250 0 +1 15 1.7

14,000 +2 +2 20 1.0

750 +1 +1 25 -0.05

500 +1 +1 30 00

250 +2 +2 35 00

13,000 +2 +2

750 +l

500

250 A.G. 0. VOLTAGE) VOLTS
01T 1;uIN B )

12,000 0 0

750 -1 -1 IAGITETRON 20
POWER OUTPUT 4 B

500 -2 -1 9
32

250 -2 -1 MAGI(TRO1T
FIEQ-,TCY 934g MC

11,000 -1 0

750 -3 -1 SERVO 50 FT
OFF TRACKING AT 29 lXB

500 -2 -1

250 0 0

10,000 0 0 Date September 1, 1949
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HU14IDITY TEST AIT/A-lT-57
GONIOIETER CH.URLCTERISTIGS TAIEK! AT ROOM CONDITIONS

IMMEDIATELY BF2ORE HU1{IIDITY TEST
Serial No. 2

GONIOITER LINEAaLITY RECEIVER SMITSITIVITY

ALTITUID DEVIATION IT FET ATTENUATOR A.G.C.
Char. READIN G VOLTAGE

FEET Plotted LB Volts

15,000 -2 0 +1 +1 0 -3.5

750 -3 0 0 -l 5 -3.1, -2.9

500 -3 0 0 -1 10 -2.5

250 -4 -l 0 -2 15 -2.0

14, ooo -4 -2 -2 -2 20 -1.3

750 -5 -4 -2 -3 25 -0.25

500 -4 -4 -1 -2 30 00

250 -1

13,000

750

500 -4 -1 +2 -1

250 -5 -3 +2 -3 A.M.0. VOLTAGE) -3.5 VOLTS
O0 MAI1T BANG )

12,000 -5 -4 0 -4

750 -10 -11 -4 -11 MAMMTRON 12
POWER OUTPUT 4 BB

500 -10 -13 -5 -11 20

250 -10 -9 -3 -9 MAGNETRON
FRE'IENCY 9353 MC

11,000 -9 -7 0 -8

750 -9 -9 -1 -5 SERVO 50 FTOFF BACOKING AT 32 lI

500 -7 -6 +1 -2

250 -5 -3 0 -1

10,000 0 0 0 0 Date September 24, 1949
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PU1iIDITY TEST AN/Am-57
GOUIOMETER CHARACTERISTICS TAM.IT AT VARIOUS TIMlES AFTER UNIT

WAS LEFT IN CAwmBER FOR 66 HOURS AT 50 0C and 100% HUMIDITY

GCTI0O.'ETER LIfTEARITY RECEIVER SEIZSITIVITY

ALTITUDE DIEVIATIONI IN F]ET ATTZMATOR A.G.0
Imme d. 1 hr. 6'hr. &A.DING VOLTAGE

FEET after test aft. test aft. test IM Volt s

15,000 -4 -1 +2 0 -4.o

750 -3 -6 0 5 -3.7

500 -6 -6 -2 10 -3.2, -3.0

250 -13 -9 -2 15 - 2 .45

14,000 -22 -16 -6 2C -1.6

750 -21 -21 -7 25 -0.2

500 -24 -i1 -10 30 00

250 -10

13,000 -10

750 -2

500 -3 0 0
250 -6 -1 -2 A.G.C. VOLTAM) - VOLS

~~~ON MAI B41Ig -44)u

12,000 -10 -6 -3

750 -23 -16 -10 MAMTR•N 12
POWER OUMUT D4B

500 -28 -1 -10 20

250 -28 -21 -9 MAGNETRON
FE•qUENCY 9353 mc

11,000 -29 -24 -10

750 -26 -19 -S SERVO 50 FT
OFF MUCKING AT 31 I

500 -18 -13 -5

250 -S -S 0

10,000 0 0 0 Date September 27, 194gS
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............ Goniometer Characteristic AN/APN-57, Serial No p
Characteristics Before and Immediately After

Leaving Unit in Chamber for 66 Hours at 5000

+6 and 100% Humidity
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Oonio"ineer ChrceitcAN/APN-57, Serial No ~.2.
Characteristics Before and One Hour After

4.;; Humidity Test

T Tý

1 47Initial Charact'erisýtic-
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Goniometer Characteristic AN/AP-N-57, Serial No.2.

Charketeristie bilfore and Six Hours After
41

Humidity Test
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APPENDIX V
RESULTS aY GROTIND TEST OF ALTII'T}R T/A/•,-57

0QO01UCTEJ 4T A22E4 "0", RIGHT-PATTE12SO: A&B

FIRST SERIES 28 July 49

16-17 Aun 149
W 149

212-24 Aun -49

Ind RT

1:o. No. Surveyed Distance Dial Scope Error

1 11 7750 7760 +10 +20

1 11 7750 7755 + 5 +10

1 13 7750 7750 0 0

1 11 7875 7850 +10 +15

1 11 7875 7-90 +10 +15

1 11 7875 7880 +25 +30

1 11 7875 7880 0 + 5

1 13 7975 7890 +35 +50

1 13 7875 7o80 +10 +15

Smallest error 0 ft.

Largest error +50 ft.

Mean error +18 ft.

Faulty 2051 tube (V601) in Divider circuit - replaced.

2 14 7875 7790 + 5 -80

2 13 7875 7785 +10 'go

Indicator did not function properly. Dials rotated to the maximum limit
stop and did not return to zero when the calibrate switch was used.
"Insulation of wire on 3DPIA tube Wias cut b,,, housing; when the wire
"grounds on housing, pulse indications are not obtained.

WADC TR 52-193 75



Ind Ourveyed
No. HT No. Distance Dial Scope Error

3 15 5000

3 16 5000

No readings were obtained. Dials refused to go to 0 from the negative
limit stop. Phase Detector Balance adjusted slightly and 0 was
obtained in calibrate position; however, pulse disappeared. Dials re-
mained at 0 in the operate position.

4 15 5000 5045 0 +45

4 16 5000 5055 0 +55 Dial jittered
in Calibrate and Operate
positions

4 15 5000 Dial oscillated about +5 feet in Operate position

4 15 5000 5o42 0 +42

4. 15 5500 5530 +lO +40

4 15 6500 6535 0 +35

4 15 7875 7912 0 +37 Dial and pulse
jittered; Operate position

4 15 8375 s405 +20 +50 Dial and pulse
had a 30-foot jitter;
Calibrate position

4 15 9875 9005 l0 40 Dial had a

30-foot jitter; difficult
to calibrate correctly

24 15 9375 939 4110 +33

4 15 10,000 10o025 +25 150

4 13 10,000 10r030 + 5 +35 Dial had a
20-foot jitter; Calibrate
position

Smallest error +332t

Greatest error +55 ft.

Mean error +42 ft.
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Ind. RT

No. 1o0. Surveyed Distance Dial Scope Error

5 15 5000 5000 +30 +30

5 15 5000 5025 +10 +35 Dial stolpped
momentarily then movea 30 ft.

cw for a new readin5
5 15 5500 5)42 +30 +12 Dial jittered

about 20 feet; Operate
position

5 15 6500 6550 0 +50 Dial jittered

5 15 7875 7900 +10 +35

5 15 s375 g4lo 0 +35

5 15 975 S910 -10 +25

5 15 9375 94oo 0 +25

5 15 10000 1oo45 - 5 +4o

5 15 10000 loo1k - 5 -10 (Pulse and
zero marker set at -50)

5 13 10000 10025 +5 +30 Scope intensity
varied. Disappeared com-
pletely then reappeared.

Smallest error +12 ft.

Greatest error +50 ft.

Mean error +32 ft.
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Ind. RT
No. No. Surveyed Distance Dial Scope Error

6 15 5000 5025 +20 +45 Marker pulse
disappeared after one reading.Dial did not return to 0 in
Calibrate position.

6 16 5000 50o5 0 +45

6 15 5000 5010 + 5 +45 Dial oscillated
about lý feet in Operate
position

6 15 5500 5500 +30 +30 Dial and pulse
Jittered in Calibrate posi-
tion. Pulse did not return
to 0, thereby making frequent
adjustments necessary.

6 15 6500 6535 +10 +45 Dial jittered
(Calibrate and Operate
position)

6 15 7975 7905 +15 +45

6 15 8375 g42o + 5 +50

6 15 8875 9915 0 +40 Scope intensity
varied.

6 15 9375 941o + 5 +40

6 15 10000 10015 + 5 +50 Scope intensity
varied.

6 15 10000 10000 +10 +50

Smallest error +30 ft.

Greatest error +50 ft.

Mean error +41• ft.
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Ind. RT
No. No. Surveyed Distance Dial Scope Error

7 No readings - defective upon arrival. Open primary on transformer and
broken 2X2A Tube.

g 15 5000 5025 +10 +35

9 16 5000 5045 + 0 +45

S 15 5000 5o4o + 0 +4o

8 15 5500 5500 +25 +25

9 15 5500 5500 +20 +20

9 15 6500 6539 + 0 +39 Slight jitter
of dial. (Calibrate Position)

9 15 7975 7995 +10 +30

8 15 8375 g405 + 0 +30 Amplitade of
pulse 75% of normal.

9 15 9375 9390 +15 +20

9 15 9875 8903 +10 +39

8 15 9375 9412 - 5 +32

9 15 10000 10030 + 5 +35

9 15 10000 10U35 -55 -20 Pulse and zero
marker set at -50 feet.

9 13 10000 10030 + 0 +30

Smallest error +20 feet

Greatest error +45 feet

Mean error +32 feet
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Ind. ET

No. No. Surveyed Distance Dia l Scope Error

9 15 5000 5050 -10 +40

9 15 5000 5050 -60 -10 Zero marker
and pulse set at -50.

9 16 5000 5040 +10 +50

9 15 5000 5040 +30 +50 Scope intensity
varied.

9 15 5500 5495 +35 +30

9 15 6500 6535 0 +35 Scope inte-sity
varied. Dial and pulse ] •d
a 20-foot jitter (Operate
and Calibrate positior .)

9 15 7875 7900 +15 +)4o

9 15 9375 8415 +20 +60 Pulse ampli-
tude low; hardly visibleabove circle.

9 15 8975 9glc 0 +35 Pulse leading
edge oscillated; difficult
to read.

9 15 9375 9o40 +10 +43

9 15 10000 10050 0 +50

9 13 10000 10035 +15 +50 Amplitude of
pulse 50% of normal

Smallest error +30 feet

Greatest error +60 feet

Mean error +44 feet
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Ind. RT

No. No. Surveyed Distance Dial Sco)e Error

10 15 5000 5019 - 10 +9

10 15 5000 5025 + 10 +35

10 16 5000 5040 + 10 +50 Zero marker
moved to -10 in Operate
position after being set
at 0 in Calibrate position.

10 16 5000 5040 + 0 40

10 15 5000 5012 + 10 +22 Scope intensity
varied.

10 15 5000 5050 - 10 +40 Dial oscillated
about 100 feet (Calibrate
position).

10 15 5500 Amplitude of pulse too short to read. Dials
indicate approximately the correct distance of target.
Dial had a 100-foot jitter (Calibrate position).

10 15 6500 6540 + 0 +40

10 15 7975 7900 + 10 +35 Zero marker
not norzial.

10 15 9375 Scope had two circles. Difficult to calibrate.

10 15 9975 9S95 - 10 +25 Scope had two
circles. Difficult to
calibrate.

10 15 9375 9395 + 35 +45 Trace fuzzy.

10 15 10000 10020 + 15 +35 Pulse and dial
had a 10-foot jitter (Operate
position)

10 13 10000 10000 Impossible to caliorate properly;
double circle and pulses noted; zero
marker above the lower circle and
difficult to see.

Smallest error + S feet

Greatest error +50 feet

Mean error +34 feet
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Ind. RT

N1o. ITo. Surveyed Distance Dial Scojpe L•.ror

11 15 5000 5025 +10 +35

11 16 5000 5o4g +0 +4+

11 16 5000 5050 -10 +4o

l 15 5000 5020 +20 +1.40 Scope in-
tensity varied.

11 15 5500 547S +40 +19

11 15 6500 6520 +10 +39 Scope in-

tensity varied.

11 15 7s75 7905 +20 +50

11 15 9375 S360 +30 +35

1i 15 GS75 S910 + 5 +4.o

12 15 9375 9395 +25 +45

11 15 10000 10035 + 5 +40

11 13 10000 10015 +25 +40

S.allest error +1 feet

Greatest error +50 feet

kean error +39 feet
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Ind. RT
N o. NO. Surveyed Distance Dial Sco)e Error

12 11 7750 Indicator did not ftinction eaurin- 'ARL test
of 1 AuDst 1949. Dials went to maximumi limit
stop an. wold0 not return to 0 in Calibrate
position.

17 Auust 1949 test after rejDair by ZCA

12 15 5000 5030 420 - +50

12 15 5500 Did not pick nL target. Dial read. 5040 feet
inste-ad of 0 in Calibrate position. iMarker and
pulse normal.

13 13 7975 7920 +30 +75

13 11 7975 7930 +10 +65

13 11 7975 7590 +50 +65

13 11 7975 7920 +25 +70

13 11 79?i 7910 +35 +70

13 11 779• 7765 +4o +55

13 11 7500 7525 +25 +50

13 11 7625 7640 +40 +55

Etery 3 seconds dial oscillated about 100 feet. Repaired and. aligned
by RCA. however it failed to worl. for ROA test. Trouble s16tinL by
IIA incomplete due to lack of time.

Smaallest error +50 feet

Greatest error +75 feet

Mean error +63 feet
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Ind. PT

No. No. Surveyed Distance Dial Scope Error

14 15 5000 5010 +25 +35

14 15 5000 5015 +30 +45

14 15 5000 5o29 +15 +43

Scope intensity varied. Dial oscillated in Calibrate position. In
Operate position on target, dial stopped rotating momentarily, then
rotated ccw about 49 feet for a new reading.

14 15 5500 5470 +50 +20

14 15 6500 6500 +6o +60

Scope intensity varied and was not visible at times. Pulse amplitude
low, scope indications fuzzy; focus adjustment did not clear fuzziness.

14 15 7975 7900 +10 +35 Scope 'in-
dications fuzzy.

14 15 93 75 93 5 0 +50 +25 Scope intensity
varied. Pulse amplitude
low.

14 15 S875 SSSO +30 +35 Pulse amplitude
509 of normal and varied
in contour.

14 15 9375 9390 +30 +45

14 15 10000 10020 +15 +35 Pulse amplitude
50% of normal. Dial and
pulse had a 10-foot jitter
(Operate position).

14 13 10000 10020 +25 +45 Pulse amplitude
low, dial and pulse jitter,
scope indications fuzzy.

14 13 10000 10030 +15 +45

14 13 10000 Could not calibrate, scope indications fuzzy.

Smallest error +20 feet

Greatest error +60 feet

Mean error +39 feet
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Ind. RT

No. ITo. Surveyed Distance Dial Scope Error

15 13 5000 5020 +30 +50

15 13 5125 5160 +15 +50

15 13 5250 5290 +10 +50

15 13 5375 5410 +20 +55

15 13 5500 554o +10 +50

15 13 5625 564. +30 +45

15 13 5750 5775 +25 +50

15 13 6500 654o +10 +50

15 11 7750 7790 +20 +60

15 13 7975 7910 +20 +55

15 11 7975 7900 +30 +55

15 14 7975 7920 +10 +55

15 13 7975 7910 +20 +55

15 11 7975 7910 +10 +45

15 13 7975 7905 +25 +55

The indicator was tested on 26 August in the Laboratory after completion of tests

at the surveyed range and it is observed that the dial and pulse had a 20-foot

jitter in the Galibrate position. A one-hour warm-Wp did not eliminate the jitter.

Smallest error +45 feet

Greatest error +60 feet

Mean error +52 feet

16 11 Failed on first reading.

RCA did some trouble shooting; however, due to lack
of time repairs were not completed.
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Grouid.. Tests of I.tif.ieter A/,11ýF:-57, SuLiary of Results

Part II (Readin::s b, R0, )

10-12 An,ý 49

Inl. RT
Do. Yo. Stirve.- CL Distanice Dial Scope Error

6 13 5250 5290 0 +40

5500 554o +10 +50

6000 6035 +10 +45

6500 6530 +30 +60

7500 Interniittent. No reading. Scode intensity varied.

13 S375 9410 +15 +50
ZZ75 o303 +20 +4Z

9375 14o marier reading.

S.nallest error +40 feet

Greatest error +60 feet

L4ean error +4g feet
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Ind. RT

No. No. Surveyed Distance Dial Scooe Error

9 13 5250 5290 0 +40

9 13 5500 5535 +10 +45

0 13 6000 6o16 C25 +41

9 13 6500 6533 +10 +43

9 13 7500 752[ +15 ÷43

9 13 7?75 7•99 +10 +33

9 13 9375 Circle failure, no readin-s - scope intensity varied.

9 13 9`75 990 3  +20

9 13 9375 9405 +20 +50

9 13 9975 990o +20 +53
9 14 9975 9a99 +45 +60

9 12 9975 9 373 +55 +53

9 16 9 975  991D 0 +143

Smallest error +33 feet

Greatest error +60 feet

Lean error +46 feet
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Ind. RT

11o. 1ýo. Surveyed Distance Dial Scope Error

10 13 5250 5270 +25 +45

10 13 5500 5525 +30 +55

10 13 6000 600o +45 +53

10 13 6500 6527 +25 +52

10 13 7500 7513 +4o +53

10 13 7975 79`5 +50 +6o

10 13 8375 839o +40 +55

10 13 SS75 ,010 +55 +60

10 13 9375 9370 +55 +50

10 13 9875 9SZ +40 +53

10 14 9975 990o +40 +65

10 14 9875 9893 +40

10 14 9875 9895 +35 +55

10 12 9875 9970 +40 +35

10 12 9875 9875 +40 +40

10 16 9875 9995 +45 +55

Smallest error +35 feet

Greatest error +65 feet

M..ec.a error +53 feet
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InC. RT

No. No. Sw-veyed Distasnce Dial Scope Error

12 13 9375 s41o +15 +50

12 13 0975 g9oo +20 +45

12 13 9375 9395 +2o +45

12 13 9s75 9900 +25 +50

1L 14 9875 9910 +20 +55

12 12 9S75 0004 +25 +54

12 16 9S75 9905 +25 +55

Sj:ialest error +145 feet

Greatest error +55 feet

iean error +51 feet
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Irii.. RT
AAo. 0 1o. Starve-e Distance Dial Scope 2rror

15 13 5000 5035 +5 +40

15 13 5250 5a)5 2U +40

15 13 5500 5553 +10 +4-3

15 13 5750 5775 +12 +37

15 13 6ooo 6o25 +20 +45

15 13 6250 6235 +15 +50

15 13 6500 S54o +5 +45

15 13 7500 751.0 +9 +4s

15 13 7750 773o +20 +50

15 13 7075 7905 +1 +43

15 13 3123 3160 +z1 +50

15 13 3375 0`15 +3 +48

15 13 9625 3670 +5 +50

15 13 3375 3915 +L +4s

15 13 3125 916o +5 +43

15 13 9375 9405 +15 +45

15 13 9625 9660 +15 +50

15 13 9`77 9910 +10 +43

15 13 10002 10035 +5 +33

Smallest error +37 feet

a-re-.test error +50 feet

5iems.71 CrJor ~ +45 feet
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APPENDIX VI
Results of Ground Test of Altimeter AN/APN-57 T Oat 191149

Conducted at Area 0, Wright-Patterson AFB
Seceo.4& Se-ru

VIDEO PULSE SET TO -40 FT. IN
CALIBRATE POSITION FOR ALL TESTS

OIME INDICATOR AND OIlE R-T UNIT AT VARIOUS DISTANCES

INDICATOR R-T SURVEYED DIAL SCOPE INDICATED ERROR
DISTANCE DISTANCE

9 15 5000 5043 -43 5000 0

11 5500 5530 -4o 5490 -10

I f 6oo 6035 -25 66o1 +10

"" 7875 7990 -35 7955 -20

9 * 8125 8145 -35 110 -15

""9 375 9390 -30 8360 -15

""9 75 g900 -40 9860 -15

"" 9375 9410 -40 9370 - 5

"" " 10,000 10,030 -40 9990 -10

11 15 5,000 5,010 - 5 5.005 + 5

, , 5,500 5.500 + 5 5,505 + 5

""f 6,000 5,995 +10 6,005 + 5

" " 7,875 7,875 0 7,875 0

"",,25 9,125 0 8,125 0

" " 9 ,375 8,395 0 8,395 +10

"" 9 ,875 g,ggc 0 8,800 + 5

"" 9,375 9,360 +25 9,395 +10

"" 1 0,000 10,015 -10 10,005 + 5
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0iYE INIDICATOR AM MITE R-T TJ14IT AT VARIOUS DISTATTO0ES

11DLCATOR R-T SURMVYED DIAL SOOPE I:TDICATED EZtROR
DISTAITOC DIST.AýTCE

15 15 5,000 5,O29 -35 4,993 -7

"5,500 5,525 -30 5,495 -5

"6,000 6,030 -35 5,995 -5

"" 7,75 7,905 -35 7,870 -5

"" " ,125 .,160 -40 9,120 -5

""9 ,375 9,410 -40 9,370 -5

,, " 8,875 8,909 -40 ,9569 -6

"9,375 9,4og -30 9,478 +3

" 10,000 10,035 -4o 9,995 -5
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0IT R-T UITIT WITH V.,RIOUS IIDTS-. , AT TWO DIST•L.'CES

INDICATOR R-T SURTHYED DIAL SOOZZ I'.DIOATED rPd•OR

DISTLIiCOE JI SLTJCE

9 11 9,375 9,390 -20 9, 7o -5

9 10,000 10,030 -30 $0,000 0

S"•, 375 S, 350 +Io • 7 +15

So10,000 +20 10,015 +15

15 8,375 9,395 -25 c,37o -5

15 10000 10o,02 -25 9,995 -5

-- d77 -10S~13 9, 375 9, 395 S3 ,35 -o

9 It 10,000 10,025 -25 10, 000 0

11 ",375 9,365 +12 5-,3M +5

11 10,000 9,990 +10 10,000 0

15 S,375 s,94oo -30 5,370 -5

15 ,, 10, 10,029 -32 9,997 -3

5 15 9,375 z,390 -30 S,360 -15

S ,10,000 100,03 -4o 9.990 -10

11 ",375 9, 385 0 5, 355 +10

l1 H 10,000 10,015 -10 10,005 +5

15 , 5,375 ,41io -4o 5,370 -5

15 10o,000 10,035 -4o 9,995 -5
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OlME INTDICATOR WITH VARIOUS R-T T-r.TITS, AT TWO DIST.UTCES

I•DICATOR R-T SURVEXMD DIAL SOPoE INDICATED ERROR

DISLU~.TC4 DI STAITOE

9II ,375 9,390 -20 g,370 -5

"11 10,000 10,030 -30 10,000 0

"13 9,375 9,395 -20 9,365 -10

"13 10,000 10,025 -25 10,000 0

"15 9, 3 75  9, 39o -30 9,360 -15

"15 10,000 10,030 -40 9,990 -10

11 11 9,375 9,350 +4o S,390 +15

"11 10,000 10,000 0 10,000 0

"13 9,375 9,36g +12 9,390 +5

" 13 10,000 9,990 +10 10,000 0

"15 9,375 s, 305 0 s,395 +10
" 15 10,00c 10,015 -10 10,005 +5

15 11 9,375 9,395 -25 9,370 -5
" 11 10,000 10,020 -25 9,995 -5

"13 9,375 9,4oo -30 8,370 -5
"1 3 10,000 10,029 -32 9,997 -3

"15 9,375 S,41o -4o 8,370 -5

"15 10,000 10,035 -40 9,995 -5
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APPENDIX VII

AGCURACY TEST OF ALTIMETER AN/APN-57
AT EDWARDS AIR FORCE BASE

TEST PROGRAM AND DATA

ORDNANCE MNPARTMET
ABERDEEN BOMBING MISSION Pegee/fk

EDWARDS AIR FORCE BASE Ext. 168
MUROC, OALIFORNIA 9 January 1950

WORK SHEET

SUBJECT: Accuracy Test of Radar Altimeters AN/APN-42(XA-2), AN/APN-57, SCR-718-C.

TO: All personnel concerned.

1. General

a. The following described test is authorized by teletype ORDBG-DPA
5127, 31 August 1949. Additional reference file ARM 413.44/ 4 , 25 July 1949; file
ABM 413.144/5, 24 August 1949; ABM 413.44/7, 10 October 1949.

b. The purpose of the program is to provide data for comparison of
the aircraft altitude at a given point as determined by the Precision Range
instrumentation against the altitude registered by the subject Radar Altimeters
of a B-29 Test aircraft at the same point and at the same time.

c. The following described program of flights was established by
agreement at a conference 6 March 1950, Lt. Col. John D. Armitage, Commanding
Officer of ABM, Mr. Pegee and Mr. Scharf representing ABM, and Mr. Segen, Mr.
Limoli, and Mr. Georgi representing AMO relative to the subject test.

d. AMC Project - E. 0. 108-90.

2. Field Data Reiafr ed

a. Instrumentation required for each run is specified by Paragraph
5, 'Test Flights".

b. Normal SOP for ballistic data bombing except:

(1) Camera plates will be identified by station designation,
date and by Pass Number as indicated Para. 5, "Test Flight". Each pass is
equivalent to a normal bomb ran.

(2) Askanias not required except on pass 19,

(3) Mitchell, Bowen-Knapp station will not be operated.
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(4) Oscillograph will record all runs. Instrumentation such asS.1i., Geophones, etc., not requiredt will not be op)erated or not recorded during

runs.

(5) Lýpact area need not be manned nor is weather data required
for this prograia.

(6) All field notes will show the ajplicable pass number rather
than the norl.al Zlý, roLulnd numbers.

c. The set of .jlates of 2i" Caxeras will be coded the same as for B-45
Ai.osions; the &B plates as for the B-29 misoions. The ProGram Director should
be gided by tVe Lesir-.bility for a aximum nber of images on each set of
silates and will code at his discretion.

d. For unidance, the Chief of the Rvange Operations Section will be
,rovided an outline of the functioning characteristics of the AB3M electronic
set-up) in the aircraft, its operation and tie-in with other instramentation in
the aircraft.

e. Zxce)t for Passes 1 and 2, Survey Data recruired will be made
the r,,bject of a separate directive based on the resuJlts of the first two Passes
over tIe i'ua e.

f. Survey Data for the first two pasoes will require:

(1) Selection of 5 to 10 points by the 201 Ooimuting Unit given
in a-b coordinates.

(2) Establisiwient and identification by ,roerly m.arked and
reasonably secure staoes of these points on the ground by triangulation from
know.n b31ch marks.

(3) Determination of the elevation of the selected points.
ieans of determination of elevation will be at the discretion of the Chief of
Range Operations with accuracy of determination of :5 feet the controlling factor.

C. The Chief of the. Range O)erations Section will prepare a com-
.,rehensive report of the details and observations of the program and will con-
solidate and check. all data submitted to Chief of Operations Branch.

3. Electronics Ecjuipment Installation

a. Zlectronics instrAmentation required in the aircraft will be
installed by the ABM Electronics Section.
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b. The Chief of the ABM Engineering Section has the responsibility
for adap1t2mof the ABM, electronics equipment to the requirements of the radar
installation and has the responsibility of coordinating with AIC project
personnel all details to effect such installation.

c. The Chief of the Engineering Section will prepare for publication
a detailed SOP for operation of the ABN equipment. A description of its purpose
and function, of how and. when the data will be recorded by the ground instru-
mentation, the relationship to and correlation with the radar data plus any
directions or requirements that will erpedite the procurement of or improve the
accuracy of the data.

d. The Chief of the Engineering Section will make certain the Chief
of Bange Operations is thoroughly familiar with the adapted instrumentation and.
how it will be used prior to the first flight.

e. Upon completion of the Prongram, the Chief of the Engineering
Section will prepare a formal report outlining the procedure, the execution, and.
results obtained. No conclusions should be drawn relative to the suitability of
the radar equipment, except the results obtained may be compared to the results
froi, the range instrumentation.

4. ABM Computing Unit

a. The Computing Unit will be responsible for reduction of all data
reqrJ 2d.

b. After data has been submitted for pass one and two;

(1) The Computing Unit will determine the a, b coordinates for
ten points at random and will give an azimuth bearing from "A and B" bench marks,
or at the discretion of the Computing Unit the azimuth reference may be given
from other bench marks if more desirable for survey of points.

(2) After survey for elevation, the data will be returned to the
Computing Unit for incorporation in tabulation of data.

(3) If possible, the data from the aircraft altimeter (35 mm film)
will be forwarded for inclusion with the tabulation.

c. Details of operation of aquipment and conduct of program will be
forwarded per paragraph 3e.

d. Extent of data required from remaining passes will be established,
based on results of passes one and two.
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5. Test Flights

a. For convenience, the )rogram has been broken down into three
flights with an ap)ropriate number of passes per flight. The conditicns of
each pass is lat r described.

b. L'C personnel have been made aware of the limitations of the
ABM ballistic camera field of view and all followin2 described passes are based
on bi-secting as nearly as possible the camera base lines and all flights will
be made in the direction o: the normal line offlight.

c. Flight One will be flown at 26,700 feet calibrated indicated
altit"de above sea level (approx. 24,000 feet above terrain). For all passes
flown in this fl!-•ht, Ballistic Cameras EF and -B will be exposed successively
as the plane passes into the respective fields of view.

Pass 1 Aircraft straight and level.

Pass 2 Aircraft straight and level.

Pass 3 Left win- down 50. Line of flight straigbt and level.

Pass 4 Left wing down 100. Line of flight straight and level.

Pass 5 Rijht wing down 50. Line of flight straight and level.

Pass 6 Right wing down 100. Line of flight straight and level.

d. Flight Two same altitude (26,700 feet) and same ballistic camera
requirements as Flight One.

Pass 7 Nose high 3°. Line of flight straight and level.

Pass 8 Nose high 60. Line of flight straight and level.

Pass 9 Tail high 30. Line of flight straight and level.

Pass 10 Tail high 60. Line of flight straight and level.

Pass 11 Aircraft straight and level. Move radar antenna
30 aft.

Pass 12 Airacraft straight and level. Move radar antenna
60 aft.

Pass 13 Aircraft straight and level. Move radar antenna

30 forward.

Pass 14 Aircraft straight and level. Move radar antenna 60
forward.
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e. Flight Three will be flown at 1g,700 feet calibrated indicated
altitude (approximately 16,000 feet above terrain). Only Z and F cameras will
be operated. Note requirement for Askanias, Pass 19.

Pass 15 Aircraft straight and level.

Pass 16 Aircraft straight and level.

Pass 17 Left wing down 300. Line of flight straight and
level (doubtful).

Pass l1 Right wing down 300. Line of flight straight and
level (doubtful).

Pass 19 Aircraft straight and level. Pass will be made from
south to north over the center of the dry lake bed.
Ballistic Camera will not be used. Askanias will
track aircraft into beginning of run and will start
exposures Just before aircraft reaches south edge of
lake bed and will continue photographing for three
minutes.

Isl Walter 0. Pegee
WALTER 0. PEGEE
Chief, Operations Branch

APPROVED:

JOIh. D. ARI'IITAGO
Lt Col, Ord Dept
Commanding
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-CyjClilOY TEST D.1TA
FOR

ALTI. ZTBR A:7/AT-5 7

ber•een Bo~bing .'-ission Edward.s Air Force Base

Date Pass Co'0Tter Attitadie Correct AUT/APIT-57 Final
of Aircraft Alt. above Alt. Reading Difference

Ban, Cli mb Terrain

1 G .a"r .0 1 59 LWD 10 ITtY 20 25,019 25,075 56 feet

59 25,020 25,093 65

60 25,037 25,102 65

65 25,09o 25,153 65

70 25,152 25,225 73

20 >•r 10 1 B 4- RVWD 20 ITU 10 24,336 24,370 34 feet

52 24,352 24,390 39

54 2-4,371 24,41o 39

57 24,3o)4 241,420 36

5Z 24,39o 24,425 35

62 24,41o 214, L4g 3 g

03 24,416 24, ",65 39

67 24,)441 24,479 37

77 24,527 24,571 44

79 2P1, 543 24,600 57

23 Mar r0 2A 9 RWD 10 171J 10 23,506 23,565 59 feet

10 23,529 23,599 60

11 23,546 23,609 63

12 23,564 23,6P4 6o
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Date Pass Coaster Attitude Correct AYT/AIP-57 Final
of Aircraft Alt. above Alt. Reading Difference

Ban!: Climb Terrain

23 Aar 50 13 23,576 23,045 6y feet

14 23,535 23,650 65

2 Aar 50 3A 13 LWD 90 MZJ 20 24,558 24,990 432

22 60 4J 24,515 24, c20 305

25 6G 50 24,522 24,3540 313

26 60 50 24!-, 531 21'-,,895 364

27 r0 50 2-, 544 24,90 4•6

33 90 70 24,655 25,280 625

3g 274,716 25,130 406

44 r.0 30 24,721 - , x3o 359

45 60 30 24, >,0 -5,075 359

51 60 30 24,711 25,265 554

3 Ajr 50 4 39 y LY 100 24,590 25,230 640

93 24, 66 25,470 sol

94 24,672

95 24,632 25,573 891

99 24,714 25,635 971

103 24,731 25,925 1194

103 24,745 25,950 1205

11i 24,751 25,960 1209

116 24,71S 25,850 1132

119 24,712 25,S90 1175
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1te Pass Coumter Attit ade Correct Z7/ AiT-57 Final
of Aircraft Alt. above Alt. Reading Difference

Ba - Cl imb Terrain

3 A,-r 50 5 .6o X- 50 24,756 24,93 132

165 24,531 24,992 161

170 24,0 61 25,o6o 199

173 24,967 25,105 239

174 24,970 25,105 235

175 24,1371 25,130 259

1s3 ,3'-,5 25,075 190

137 2)4,919 25,122 203

191 24,956 25,210 254

193 24,9373 25,220 247

3 yr 50 6 205 R:vDh 1100 L4, 700 25,,072 33`2

209 24,732 25, 130 40

212 24,S18 25,195 377

213 24, 325 25,200 375

214 24, 31 25,219 337

217 24,C3g5 25,275 430

220 24,360 25,33g T73

225 24,334 25,350 466

22C 24,931 25,410 '79

232 24,939 25,530 541
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Date Pass counter Attitv e Correct J/iT-57 Ainal
of rc A t. lobuVe a.1t. lca~ný Differeice

baW: C1iL•b Terrain

3 4r 50 7 249 ru 30 24,509 "-,55 76

252 24,559 24,C3a 73

256 24,635 24,690 55

257 24,0650 2•, 712 62

252- 24,G0 2~4,715 55

261 24,690 -4,757 67

267 24,740 24,202

272 AN9y2 24,272 0o

279 z4,s 6 2)-,, 942 7T

2 24,m2 0,3006o 79

3 Or 50 2 292 YU 60 24,205 24,475 190

303 24,332 24,515 023

311 24,368 4, 20o 112

317 24,370 24,510 14o

323 L4,392 24,550 153,

324 24,397 24,50 1563

325 24,399 20,550 151

329 24,412 24,575 163

335 24,422 24,590 160

342 2,454 24,005 211
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OoUte Uttit:Je or ---c t "LiA75 F inal
of Aircraft Al b re A! t Difference
a z:I- OlI,,b MTIe rra inI

-09 360 TS 30 23,33 23,942 59

363 23,379 23,930 51

364 23, 974 23,923 54

365 23, 072 23,930 59

3a9 23,362 23,9'o 79

372 23,36o 23,96- 10o

373 23,0557 23,93w 91

375 23,301. 23,930 66

377 23, SS5 23° 953 60

301 23,937 23,995 53

3 Pyr 5o 12 475 0 0 23,253 23,532 279

1176 23,256 23,539 232

4so 23,265 23,550 23,5

4g2 23,272 23,570 290

433 23,275

4.4 23,279

4.0o 23,323

'193 23,346 23,660 314

499 23,3`6 23,733 352

503 23,411 23,750 339

aintenna fee& 6' aft
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Date Pass Cou-iter •.ttitlde Correct AI!/FT-T 57 Final
-0. "rcraft .0.It. above Alt. iealiAn5 Difference

Bani: Clio2b Terrain

3 4tr 52 13 513 0 0 23,212 23,260 42

517 23,2-33 2 , o 47

520 23,265 23,315 50

525 23,2g�~ 23,3,7 53

2j 23,3.5 23, 35• 1-3

532 23,332 23,3375 53533 , 502 3 ., 3 o2 ) o5

534 23,34L- 3,295 51

539 23,331 -3, --30

542 23,394 23, 60 66

545 23,405 23,"!.-0 75

Antenna feed 30 forwn.rd

3 Ar 50 14 559 0 0 23,162 23,250 9

562 23,161 23,235 104

565 23,196 23,302 106

563- 23,217 23,313 96

574 L3, 251 23,335 g4

575 23,263 23,360 97

576 23,273 23,359 96

531 223,316 23,400 s4

535 23,372 23,475 103

5S9 23,391 23, 1,90 99

antenna feet 60 forward
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Date Pass Counter Attitujde Correct A1/IAPUT-57 Final
of Aircraft Alt. above Alt. Reading Difference

Bank Clirb Terrain

29 ,•ar 50 15 10 0 0 15,356 15,412 56

11 15,415 15,472 57

12 15,473 15,535 62

13 15,519 15,530 52

25 lar 50 16 90 0 0 15,392 15,435 43

91 15,423 15,460 37

95 15,453 15,490 27

96 15,459 14,495 36

97 15,465 15,500 35

101 15,491 15, 523 32

104 15,511 15,550 39

105 15,520 15,558 33

1o9 15,501 15,629 47

110 15,589 15,642 53

29 iAa,-r 50 17A., RWD 10 0 15,323 15,36o 32

10 15,363 15,395 32

12 15,375 15,395 30

15 15,404 15,46o 56

16 15,415 15,450 35

17 15,425 15,470 45

1,9 NU 10 15,447 15,510 63
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Date Pass Counter AttitM&e Correct QW/AJIT-57 Final
of Aircrl't Alt. above Alt. l-ea.ing Difference

Bani: 01i"b Terrain

29 !Lr 50 21 15,4s6 15,530 44

23 15,506 15,555 V9

24 15,517

2) LIar 50 1s 120 0 0 15,911 15,974 63

121 15,925 15,979 54

122 15,939 15,992 53

1L0 16,014 16,065 50

130 16,o32 16,075 37

131 16,047 16,0o9 52

133 16,061 16,110 49

136 16,0gO

137 16,095

40 16, 10S 16,170 62

Q9 !r 50 11 12 aWD 10  FTJ 1O 16,603 16,622 19

1s3 LIJ2 10 16, 60G 16,625 17

1i7 LT'D 150 16,629

193 LUD 330 16,656 19,972 3316

194 LID 330 16,65S 19,00S 2350

195 L ", 1 330 16,65S 19,790 3132

196 LWD 330 16,657 19,g2O 3223
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Ante Pas s Co .n t er .ýtt it" v Co rrect AD7/1U-57 7 in•'
of mircr-Lft alt. above Alt, ..ei._ Difference

Ban: Clio? Terrain

50' 0 a:,D 260 16,656 10,670 -0'4

1u. T" 520 gL6,657 19,775 3110

211 RD 320 16,650 19,650 NOS'

UL RWD 300 16,64o 19,305 2665

L2E RD 310 16,5Z3 19,30a 2779

=4M 3,00 16,50 19,130 2590

232 l) 2 i6,o°3 66, 715 32

233 _RW 20 16,690 1S,735 37

234 R'D 20 16,711 16,750 39

236 rm,' 2E0 16,737 16,753 16

29 :cr 5o 20 au 10 0 1]6,602 6,630 2Z

277 LiUD 20 16,612 16, S40 20

2L,0 LtW 130 i6,619 17,0902 473

L,,' LUD 130 16,624 17,3-00 1176

292 Y D 270 16,613 19,0go 2467

311 RWD 190 16,606 17,500 V94

323 RWD 260 16,605 10,390 17S5

320 PWD 2S0 16,631 1,720 2009

334 W.;n 250 16,621

350 RWD 320 16,599 19,205 2606
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Date Pass Counter Attitnde Correct 17-7 7 Final
of Aircrcft Alt. above Alt. T.eoii Difference

Ban'. C!l T Terrain

29•ar 50 351 R\D •2° 1-,594 19,220 2626
361 MM 170 16,62g 17,260 632

365 10 16, 6•:4 16,652

371 RWD 10 16,651 16,655

374 0 16,656 16, 658. 2

379 0 16,624 16, 6:-0 16
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APPIFTDIX VIII

Pattern Measurements of Antenna Assembly As-36g/A•lI-57

1. Pattern measurements of Antenna Assembly AS-369/AP.T-57 were conduLcted
at Ipswich Test Station, a part of the Air Force Cambridge Research Laboratories,

Boston, Massachusetts, on 15 and 16 September 1949 by Capt Georgi and the
following personnel of the I)swich Test Station: Messrs. John Baker, Ralph

Hiatt, and Mrs. Tine. These tests were conducted to obtain the radiation

patterns of the antenna with the feed centered and with the feed tilted off

center. The feed is tiltable so that corrections may be made for changes of

attitude of the aircraft. From these patterns the beam width at half-pn.,er

points and the attenuation of the minor lobes were determined.

2. The following is a diagram of the test setup:

1350'

LABORATORY RNTE

Fig. 27
ANTENNA TEST SETUP
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The laboratory and transmitter shack are on top of hills approximately
one quarter of a mile apart with a depression approximately 150 feet deep between
them. This depression helps to eliminate ground reflections. The antenna to be
tested (AS-36g/APN-57) was mounted in a mount on top of the laboratory, the
mount being motor driven in both azimuth and elevation. Radiation was detected
by a bolometer connected to the antenna feed, and the bolometer output was fed
into an amplifier and recort-oer. The antenna on top of the transmitter shack
was 10 feet in diameter, with a beamwidth of less than a degree at 1-band. The
crystal-controlled transmitter was set for 3.239 cm; the center frequency of
Altimeter AN/AFM-57 is 9375 mc.

3. The patterns were made in the following manner: After the feed of the
antenna was accurately centered in the dish, the recorder graph paper was
adjusted for azimuth centering; next the antenna was adjusted in elevation to
obtain maximum output so that the recorder amplifier gain could be properly set
and locked. The antenna mount was then rotated 90 degrees off center and the
pattern talking begun. From this point on, the only change in the test setup
was that of altering the angular position of the feed of Antenna Assembly
AS-'369/APE-57.

4. A summary of the results as interpreted from the graphs follows:

Graph 41. F@r this measurement the feed was centered in the dish
with a machinist level graduated in .0001 inches. I•ee Figure 28.

Results: The beamrwidth of the mainlobe was 1.70 + .10 at the half-
power points. The sidelobes were down 23 db or more, and the overall pattern
was good.

Graph #2 (900 graph paper used) The feed was adjusted in what
appeared to be the center of the dish by means of Trim Control Box 0-226/APS-lO.
The Trim Control Box was attached to the frame of the antenna mount and adjusted
so the ball was centered before it was connected to the feed of the antenna.
The antenna dish was also zeroed in azimuth and elevation; therefore a zero
reference level was established between the two and any change from this could
be noted on the trim control box. It was however -etermined by measurement
that the feed was off center by approximately 30 minutes. Eee Figure 29j

Results: The beamwidth of the main lobe increased to 30 and one side
lobe was only 5 db down.

Graph #3. This is similar to Graph j2 except the iattern has been
expanded 5 to 1 (plotted on g10 graph paper). The feed was centered by means
of the t rim control box. Lee Figure 30D

Results: The beamwidth of the m.ain lobe was 3.20. The strongest side
lobe was down 16 db. The differences between patterns 2 and 3 are probably due
to the inability of the engineer to exactly duplicate the feed centering with
the trim control box.
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Graph #4. Made with the feed first centered and then shifted off 10
and 20. Cee Figure 31l

Results: (1) The first pattern (feee centered. has a 20 beamwidth
and the side obes are 26 db down. (2) Thp second pattern (feed tilted 10 off
center) has a 2.20 beamwi&th and the side lobes are 21 db down. (3) The third
pattern (feed tilted 20 off center) has a 2.20 beamwidth and the side 1bes are
17 db down.

Graph #5, 6 and 7. For these measurements the feed was first accurately
centered and then moved. to the left of center 30 and 60. 60 is the maximum
available displr--ement of the feed from center. -eA Figure 32.]

ResulJ , (1) With the feed centered (Graph J5) the beamwidth was 20
and the first s4i lobe was down 19 db. (2) With the feed tilted off center 30
(Graph #6) the lcamwidth increased to 2.40 and the side lobes were only 9 db
down, with the overall ipattern of the antenna poor. (3) With the feed tilted
off center 60 (Graph #7) the beamwidth was 2.10 and the side lobes moved up to
within 6 db of the main lobe.

Graphs #9, 9 and 10. The feed was first accurately centered and then
moved to the right of center 30 and 60. C•ee Figure 33,

Results: (1) With the feed centered (Graph 4,9) the beamwidth was
2.20 and the side lobes were down 22 db. (2) With the feed off center 30 (Graph
#9) the beamwidth was 2.40, the side lobes were doim 6 db, and the overall
pattern of the antenna poor. (3) With the feed off center 60 (Graph #10) the
beamwidth was 30, the side lobes were 41 db dowg, and the °overall pattern poor.

Conclusions:

(1) Due to the deterioration of the antenna pattern when the feed is
in any position except center, the feed should be centered and locked in that
position.

(2) A, mathematical studyr of the effect of antenna beamwidth on altitude
readin-s over various types of terrain seems desirable.
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APPEN•DIX IX

LIFE TEST - LIST OF P02T FAILURES

Set Yo. 1 (RT #4 with Ind. Ql) and Set iNo. 2 (ST G3 with Inad. 015)

Circuit component Yature
Ref. Yo. and Function of Failure

T230 Low-voltaje transformer Buaned out
V231 Low-voltage rectifier (=50GT) Shorted

V702 Circle amplifier (6045) Lowz emission

R705 Circle amplifier cathode resistor -esistance
increased

V273 Modulator rectifier (3U2B) Open filament

R276 Primary series resistor BD'rned out
T270 Hod~ulator power supply transformer Shorted secondcary

T270 It

T270

Set No. 3(RT #12 with Ind. O13) and Set No. Ik (RT Ill with Ina. 116)

Shaft coupling insulator Broken

V415 3 kc amplifier (2051) Grid/cathode shat

V350 TR tube (IB24) Defective

B270 Blower motor Shorted

----. Cyclic AGO cable Shorted

R276 see above Burned out
T270 " Shorted secondary

V6So Frequency divider (2051) Defective

V702 Circle amplifier (644A5) Defective
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l'0 2 Low-voltage rectifier (54GY) Open filament
L1 01 Filter choke Burned out

V233 TR keep-alive rectifier (9006) Defective
Y351 AFO crystal Burned out

W392 Trigger ca•le Shar ted

V271 Modulator (3045) Defective

Y350 Mixer crystal Burned out

40l1 Delayed X+ relay o uncied
Vl•01 Low-voltage rectifier (54GY) Open filament
ZhAs Delay line Open

VV25 Phase detector (2D21) Defective

w4o6 I-f input cable Broken

V423 3 kc square wave delay (6Q5) Defective

V352 Local oscillator (723A/B) Defective

T270 ioaulator jowar suo~ly transformer Shorted secondary

T270 I Prim./sec. short

0404 Reaulated B+ filter Inmpregnant leaked
Z4k02 Delay line Shorted
V423 3 kc square wave delay (645) Defective
TSol Low-voltage power transformer Primary open and

shorted to sec.

Note: Grouped components represent a simultaneons breakdown.
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